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I. 


WROUGHT  IRON  STRINGERS  FOR  THE  SUBSTRUaURE 

OF  RAILROADS. 

67  WiLUAM  LoRBNZ,  Member  of  the  Club. 
Read  February  2d,  1884. 


The  following  were  but  preliminary  notes,  the  illness  and  subsequent  decease  of 
the  author  having  prevented  the  completion  of  the  paper  and  the  preparation  of  its 
illustrations. — Sec. 


To  construct  a  railroad  track  with  longitudinal  stringers  satis- 
factorily, it  is  absolutely  necessary  that  the  splices  at  all  the  joints 
have  the  same  amount  of  resistance  as  the  rails  and  stringers 
themselves;  there  must  be  no  more  deflection  at  the  joints  than  at 
any  other  point  of  the  track. 

In  the  "Hilf"  system  the  joints  were  always  bad;  the  long 
stringer  or  "gravel  trunk  "  was  always  uneven,  giving  either  too 
much  or  too  little  resistance.  For  that  reason  the  cross-ties  were 
entirely  omitted  at  the  joints,  and  the  rails  and  stringers  were 
spliced  at  the  same  point,  because,  on  account  of  the  shape  of  tlie 
stringer,  the  rail  splice  would  not  be  made  strong  enough,  but  the 
stringer  splice  could  be  constructed  with  such  additional  strength 
as  to  compensate  the  defect  in  the  rail  joint. 

The  "Haarman"  system  of  long  stringers,  with  clamp  fasten- 
ings, was  adopted  by  the  City  Railroad  of  Berlin,  because  the  box- 
like shape  of  the  stringer  admitted  of  a  deep  rail  splice,  giving  at 
vol*  V. — 1. 
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the  joint  the  same  strength  as  the  rail  itself  has,  so  that  the 
stringer  splice  has  only  to  maintain  the  uniform  strength  of  the 
stringer  itself,  without  the  excessive  strength,  as  in  the"Hilf" 
system.  (These  splices  must  be  at  least  60  cm.  long,  and  must 
have  four  bolts.)  On  account  of  this  uniform  strength  of  the 
"Haarman"  system,  the  grading  and  the  ballast  settle  evenly 
under  the  stringer,  giving  a  uniformly  elastic  track,  although 
somewhat  more  solid  than  a  track  with  cross-ties.  The  width  of 
the  stringer  (32  cm.)  was  determined  by  the  local  condition  of 
the  road-bed  and  the  nature  of  the  ballast  (Hilf  makes  his  only 
30  cm.);  the  height  of  rail  and  stringer  together  is  about  20  cm. 
The  cross-ties  are  placed  under  the  stringer,  and  must  have  very 
little  surface,  so  that  they  may  readily  press  into  the  ballast,  their 
only  object  being  to  maintain  the  gauge.  The  good  results  of 
this  system  depend  almost  entirely  upon  the  good  condition  of  the 
road-bed.  On  first-class  railroads,  with  a  well  settled  road-bed 
and  stone  ballast,  and  with  the  stringer  or  trunk  well  filled  with 
gravel,  there  is  no  trouble  whatever  to  keep  the  rails  in  position 
and  maintain  the  gauge.  On  sharp  curves  it  is,  however,  neces- 
sary to  put  tie-rods  through  the  rails.  The  horizontal  pressure 
on  curves  of  the  front  wheel  of  a  locomotive  with  three  pair  of 
driving-wheels,  is  about  f  of  the  weight  upon  the  wheel.  This 
pressure  naturally  compresses  the  ballast  on  the  outside  of  the 
stringer  more  than  on  the  inside,  and  thereby  spreads  the  gauge, 
an  evil  that  any  amount  of  strength  in  the  cross-tie  under  the 
stringer  would  not  overcome,  so  that,  if  objections  are  made  to 
tie-rods  between  the  rails,  the  only  remaining  remedy  is  to  put 
them  through  the  trunk  as  high  up  as  possible.  In  spite  of  these 
objections,  the  managers  of  railroads,  especially  those  of  Berlin 
and  Hanover,  are  very  much  pleased  with  the  "Haarman"  sys- 
tem. When  the  road-bed  is  perfectly  settled,  there  will  be  but 
little  trouble  even  at  curves.  This  is,  however,  rarely  the  case, 
and  the  mere  tamping  of  fresh  ballast  under  the  stringer  will  not 
prevent  the  spreading  of  the  track ;  for  that  reason  it  would  be 
advisable  when  the  track  is  first  laid  to  make  the  gauge  some- 
what tight,  and  raise  the  outer  rail  a  little  higher,  so  that  after 
settlement  takes  place,  everything  will  be  in  the  proper  place. 
The  clamp  fastenings  are  very  good,  but  care  must  be  taken  not 
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to  draw  them  too  tight,  so  as  to  make  the  rail  and  stringer  one 
solid  beam,  which  would  be  too  rigid  and  very  apt  to  break. 

It  is  important  that  the  surface  ballast  should  be  gravel,  broken 
stone  would  not  pack  solid  enough  in  the  stringer,  but  under  the 
gravel  a  well-rolled  bed  of  broken  stone  would  insure  still  more 
permanency;  outside  of  the  track  the  ballast  should  be  filled  up 
to  the  top  of  the  rail,  and  at  least  to  the  height  of  the  foot  of  it  on 
the  inside. 

On  account  of  the  heavy  pressure,  the  ballast  under  the  string- 
ers is  likely  to  become  so  solid  as  to  be  impervious  to  water,  and 
some  diflSculty  in  draining  is  likely  to  be  encountered.  Unless 
some  material  like  furnace-cinder  can  be  found,  that  will  always 
permit  the  passage  of  water,  cross-drains  of  pipes  would  have  to 
be  placed  at  regular  intervals  under  the  stringers  from  the  centre 
of  the  track. 


II. 


THE   PENNSYLVANIA    SCHUYLKILL  VALLEY  RAILROAD 

TUNNEL  AT  PHCENIXVILLE. 

By  M.  Van  Harlingen,  Member  of  the  Club. 
Bead  February  1th,  1885. 

Tunneling  may  be  considered  to  be  a  branch  of  business  by 
itself,  but  at  the  present  time  all  civil  engineers  are  supposed  to 
know  something  of  this  branch  of  their  profession;  this  being 
understood,  it  is  not  necessary  for  me  to  go  into  the  history  of 
tunneling,  as  the  object  of  this  essay  is  to  give  a  short  description 
of  the  one  lately  built  near  Phoenixville  on  the  Schuylkill  Divi- 
sion of  the  Pennsylvania  Railroad. 

This  tunnel  is  cut  through  a  ridge  of  hills  which  runs  nearly 
parallel  with  the  Schuylkill  River,  and  is  in  the  same  hill  through 
which  the  old  Phoenixville  Tunnel  was  cut  by  the  Reading  Rail- 
road in  1835-1837.  and  enlarged  for  double  track  in  1858-1859, 
the  new  tunnel  being  nearly  at  right  angles  to  the  direction  of 
the  original  one,  but  about  half  a  mile  further  west. 

In  order  to  make  this  tunnel  as  short  as  possible,  advantage 
was  taken  of  depressions  on  each  side  of  the  hill,  by  which  means 
the  approaches  as  w^ll  as  the  tunnel  itself  was  shortened. 
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Work  was  begun  on  the  approachies  in  February,  1883,  and 
pushed  with  vigor,  there  being  71,614  cubic  yards  of  material  to 
be  moved  before  the  headings  could  be  started.  This  material 
was  taken  out  in  benches,  as  many  as  five  at  each  end  being  in 
operation  at  one  time.  Eight  foremen,  151  men,  and  36  horses, 
being  the  average  force  engaged  upon  this  work. 

Towards  the  first  day  of  June  it  was  determined  to  sink  at 
once  for  a  heading,  the  subject  of  sinking  a  shaft  being  aban- 
doned, for  the  reason  that  the  time  required  for  this  could  be  more 
profitably  employed  in  sinking  at  the  portals,  so  that  work  could 
be  pushed  in  the  headings  at  the  same  time  the  approaches  are 
being  taken  out. 

By  this  means  work  at  the  south  heading  Was  started  June 
20th,  1883,  and  at  the  north  heading  August  5th,  or  about  the 
time  it  was  estimated  a  shaft  could  be  sunk  to  the  level  of  the 
heading. 

Work  in  these  headings  was  pushed  so  rapidly  that  by  the 
time  the  approaches  were  out  the  headings  had  met,  or,  in  other 
words,  by  the  12th  of  August,  everything  was  ready  to  begin 
work  taking  out  the  full  section  of  the  tunnel. 

The  headings  were  holed  in  120  working  days,  the  average 
daily  progress  being  6  ft.,  the  total  cubic  yards  of  material  moved 
in  this  time  being  4,681,  or  about  39  cubic  yards  per  day,  at  an 
estimated  cost  of  $5.25  per  cubic  yard.  The  number  of  men  em- 
ployed in  the  headings  averaged  45  per  day,  or  28  miners  and 
17  muckers  or  laborers.  The  work  was  all  done  by  hand  drill- 
ing, steam  drilling  being  abandoned  after  the  first  day  or  two. 
Two  shifts  of  eleven  hours  each  was  found  to  be  the  most  eco- 
nomical, as  less  time  was  lost  in  changing,  the  men  at  work 
having  an  hour's  rest  at  noon  and  at  midnight. 

The  temporary  timbers  of  the  headings  were  set  so  as  not  to 
interfere  with  the  timbers  that  w^ere  afterw^ards  to  be  put  in,  when 
the  full  section  should  be  taken  out,  many  of  these  timbers  re- 
maining in  the  tunnel,  as  it  would  have  been  dangerous  to  have 
removed  them  on  account  of  the  loose  material  in  the  roof  of  the 
tunnel.  Both  the  temporary  and  the  permanent  timbers  were  so 
placed  as  just  to  clear  the  brick  arching,  and  so  successfully  was 
it  done  that  in  but  one  or  two  instances  was  it  necessary  to  cut 
away  any  of  the  timl)er  to  allow  the  keying  of  the  arch. 
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The  ventilation  of  the  heading  was  obtained  at  the  north  end 
by  means  of  a  tin  tube  about  the  size  of  an  ordinary  rain  con- 
ductor, say  4  in.  or  5  in.  diameter,  into  the  lower  end  of  which  a 
jet  of  steam  was  passed,  causing  an  upward  current  of  air  and 
indrawing  the  foul  air  from  the  heading,  which  was  replaced  by 
outside  air  by  the  circulation  thus  caused.  At  the  south  end  a 
wooden  trunk  was  used,  the  section  of  which  was  6  in.  X  10  in., 
steam  entering  in  the  same  way  as  at  the  north  end.  This  was 
Dot  a  verj'  satisfactory  way  of  ventilation,  but  it  answered  the 
purpose;  as  the  air,  though  close  to  a  person  coming  in  from  the 
outside,  did  not  seem  to  inconvenience  the  men  at  work,  and  as 
it  took  but  a  short  time  to  clear  the  air  suflBciently  after  a  blast 
to  allow  the  men  to  go  to  work  again,  nothing  further  was 
attempted. 

At  first  it  was  supposed  that  the  only  trouble  we  might  expect 
would  be  from  the  roof,  and  that  the  sides  would  be  of  sufficient 
uniformity  to  stand  at  the  slight  inclination  below  the  foot  of  the 
heading  timbers,  but  before  we  had  gone  far,  it  was  found  that 
we  would  have  to  timber  to  the  springing  line,  for  that  purpose 
and  with  a  view  of  perhaps  using  the  tunnel  temporarily  to  take 
the  material  for  track  laying  through  to  the  work  beyond,  which 
was  rapidly  reaching  completion,  it  was  determined  to  use  what 
is  known  as  the  American  or  self-supporting  style,  made  like  a 
wooden  arch  of  12X12  stuff  in  lengths  of  4  ft. 

This  was  deemed  the  best  adapted  for  the  kind  of  material  we 
had  to  go  through,  as  was  demonstrated  by  what  had  been  met 
in  the  approaches  and  also  in  the  heading,  which  is  composed  of 
layers  of  soft  and  hard  red  shale,  with  a  few  ledges  of  yellowish 
brown  sandstone,  all  of  which  showed  fissures  and  cracks  with  an 
inclination  of  about  10°  in  the  direction  of  the  tunnel,  and  about 
4°  to  6®  across  the  face.  None  of  the  material  was  of  a  nature 
that  could  be  depended  upon  to  keep  a  vertical  position  when 
exposed  to  the  action  of  the  air. 

The  benches  in  the  tunnel* were  started  November  12th,  1883, 
at  both  ends,  and  were  entirely  removed  by  March  7th,  or  in 
about  117  working  days.  The  total  number  of  cubic  yards 
moved  was  17,011.  The  daily  progress  was  7  ft.,  or  145 f*^  cubic 
yards  were  moved  on  the  average  each  day.     The  daily  force 
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was  153  men,  including  foremen,  miners,  muckers  and  nippers. 
There  were  beside  7  horses,  2  small  locomotives  and  15  dump 
cars.  The  average  cost  of  removing  this  material  was  $2.50  per 
cubic  yard. 

As  soon  as  the  full  section  was  advanced  sufficiently  so  as  to 
make  it  safe  to  begin  with  the  masonry,  which  was  about  the 
middle  of  December,  1883,  the  footings  or  side  walls  were  begun 
at  each  end,  the  masonry  being  put  in  in  sections  of  25  ft.  at  a 
time  to  allow  for  setting  before  the  arch  was  started,  the  masonry 
being  kept  about  100  ft.  in  advance  of  the  brickwork. 

The  arching  was  put  in  in  sections  of  20  ft,  it  taking  about 
two  days  to  set  and  pack  a  section,  working  day  and  night. 

The  stone  masonry  for  the  side  walls  was  started  December 
18th,  1883,  at  the  south  end,  and  on  January  4th,  1884,  at  the 
north  end,  and  completed  March  25th,  1884,  or  in  82  working 
days.  There  are  886  cubic  yards  of  masonry  in  these  side  walls, 
giving  an  average  of  10^  cubic  yards  as  a  day's  work  for  5  ma- 
sons and  10  laborers. 

The  brick  arching  was  begun  on  the  south  end  January  4th, 
1884,  and  at  the  north  end  January  14th,  and  completed  or 
pigeon-holed  April  12th,  making  86  working  days.  The  total 
number  of  cubic  yards  of  brickwork  was  2,696,  giving  an  aver- 
age of  31.35  cubic  yards  as  a  day's  work  for  2  foremen,  9  brick- 
layers and  40  laborers.  Some  of  the  latter  were  engaged  in 
packing  the  arch  as  it  progressed  with  the  tnaterials  taken  from 
the  tunnel,  so  as  to  distribute  the  weight  evenly  over  the  haunches 
of  the  arch  and  to  leave  no  vacancies  between  the  timbers,  so 
that  as  they  decayed  the  pressure  should  come  early  as  possible, 
and  by  degrees  upon  all  parts  of  the  arch.  The  packing  was 
done  at  night  while  the  bricklayers  were  not  at  work,  it  taking 
nearly  as  much  time  to  pack  as  it  did  to  lay  the  brick  in  the 
sections.  About  3,600  barrels  of  cement  and  1,400,000  bricks 
were  used  in  arching  this  tunnel. 

The  facades  were  the  last  thing  finished  and  proportionately 
the  longest  in  being  done,  having  been  begun  April  12th,  and 
not  finished  till  May  3d,  1884,  not  quite  16J  cubic  yards  being 
the  average  day's  work  for  7  masons  and  15  laborers. 

The  stone  cutting  on  the  fayades  equaled  475  days  work  for 
one  man. 
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Total  length  of  tunnel  excavated, 

The  south  fasade  projects,    .  7  ft.  9  in. 
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Total  length  at  springing  line,        . 

"         "      between  faces  of  keystone. 
Clear  width  at  springing  line, 
"      height  above  top  of  rail. 
Total  excavation  in  tunnel,    . 
"  per  lineal  foot, 

masonry,        .... 
As  follows : 
In  fayade,        .        .     308  cub.  yds.  =  20^^  cub.  yds.  per  lin.  ft. 
"  side  walls,  .        .887        "        =    liVir 
"  brick  arching,    .  2,696        "        =    3f\^ 

The  cost  of  the  tunnel  was $119,899.50 

"     "     per  lineal  foot,  including  fayades,      .        .  147.16 

Excavation       cost, $97.97  per  lin.  ft 

Sidewalk  " 9.11    " 

Brick  arching    " 35.92   " 

The  facades  added 4.16    " 

to  the  total  cost  of  the  tunnel. 
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III. 


SOURCES  OF  POLLUTION  IN  STORAGE  RESERVOIRS 

By  A.  Habvet  Tysok,  Member  of  the  Club. 
Bead  February  7<A,  1886. 

Since  the  subject  of  water  supply  for  cities  not  only  involves 
advantages  for  domestic  uses,  fire  protection  and  manufacturing 
purposes,  but  also  the  sanitary  condition  of  communities,  the 
subject  of  purification  becomes  a  serious  problem,  and  one  which 
demands  the  immediate  attention  of  municipal  authorities  and 
those  persons  engaged  in  the  business  of  serving  this  necessity 
which  is  constantly  peribrming  some  of  the  most  important  func- 
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tions  of  nature  and  the  physical  purposes  of  life.  Man  is  so 
constituted  that  he  requires  large  quantities  of  water  to  obtain 
the  blessings  of  health  and  civilization,  and  unless  the  water  used 
is  practically  pure,  the  thing  intended  to  aid  him  to  the  full  en- 
joyment of  life  becomes  an  obstacle  to  its  attainment 

As  City  Engineer  of  the  City  of  Reading,  my  experience  con- 
cerning the  subject  of  this  paper  is  gathered  from  my  connection 
with  its  Water  Works.  Previous  to  the  year  1880,  during  which 
the  Antietam  Lake,  with  a  storage  capacity  of  ninety  millions  of 
gallons,  was  constructed,  the  supply  of  the  town  was  small. 
Citizens  were  satisfied  with  water  of  any  kind — it  was  not  a 
matter  of  quality,  but  of  quantity.  There  was  an  occasional 
grumble  about  the  condition  of  the  water  served  consumers,  but 
in  a  few  days  the  impurities  would  disappear,  and  the  state  of 
public  opinion  would  return  to  its  normal  condition.  During 
the  construction  of  the  dam  named,  there  was  quite  a  perceptible 
increase  in  the  impurity,  as  the  water  had  a  woody  taste  and 
when  left  standing  for  five  hours  or  more  emitted  a  very  dis- 
agreeable odor.  This  was  attributed  to  the  fact  that  the  banks 
of  the  streams  passing  through  the  dam,  and  the  flows  of  which 
were  to  be  impounded,  had  been  cleaned  and  grubbed.  The  bad 
taste  and  odor  lasted  for  three  weeks  and  then  ceased.  About  the 
first  of  August  of  the  next  year  it  again  presented  itself;  this 
time  in  a  worse  form,  the  odor  remaining  the  same,  but  the  taste 
had  changed,  and  resembled  that  of  fish  oil.  The  suggestion  was 
made  that  there  was  a  deposit  of  filth  in  the  pipes,  and  with  a 
view  of  removing  such,  if  it  was  the  cause,  flush  valves  were 
placed  in  all  depressions  in  the  pipes  and  at  the  dead  ends,  and 
thesd,  as  well  as  the  fire  hydrants,  were  periodically  opened. 
This  did  not  remove  the  difficulty  and  improve  the  water.  The 
parts  of  the  city  served  directly  from  this  storage  reservoir  were 
the  only  ones  in  which  this  impurity  was  noticed.  Those  served 
from  the  distributing  basins  showed  no  signs  of  it.  The  entry 
into  the  latter  was  through  fountains  which  threw  the  water  to  a 
height  of  seventy-five  feet,  thereby  thoroughly  oxidizing  it  and 
removing  the  impurities.  An  examination  into  the  cause  of  the 
trouble  showed  that  instead  of  having  the  natural  blue-green 
color,  it  had  a  bright  green,  and  when  left  standing  the  impurity 
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came  to  the  surface  and  discolored  it.  Whenever  during  the  ten 
weeks  during  which  the  odor  and  taste  remained  the  thermometer 
for  more  than  a  day  fell  to  below  sixty-five  or  seventy  degrees 
Fahrenheit,  the  impurity  disappeared,  to  return  again,  when  the 
temperature  exceeded  seventy  or  seventy-five  degrees.  An  ex- 
amination of  the  lake  developed  the  cause  of  the  trouble  to  be 
a  vegetable  formation,  which  when  alive  and  scat^red  through 
the  water  gave  no  noticeable  taste  or  odor  to  the  water;  but  in  its 
decay  became  highly  oflfensive.  As  to  what  this  vegetable  for- 
mation was,  the  botanists  differed.  My  conclusion,  on  a  micros- 
copic examination  was  that  the  growth  was  of  minute  confervoid 
alga*,  whose  germ  was  the  clorophyl,  or  coloring  matter  of  leaves. 
The  plant  itself  when  gathered  from  the  surface  seemed  to  be 
without  disagreeable  taste  or  odor,  but  when  exposed  to  the  heat 
and  light  of  the  sun  rapidly  fermented  and  became  very  offen- 
sive. This  plant  when  in  subsiding  reservoirs  subject  to  the 
sun's  rays  grows  rapidly,  and  when  drawn  into  the  distributing 
pipes,  the  want  of  air  causes  decay,  and  as  a  result,  taint. 

With  each  succeeding  year,  the  trouble  has  returned,  grows 
worse  and  remains  longer.  Nor  is  it  local  in  its  development ; 
but  the  result  of  correspondence  with  over  one  hundred  towns 
and  cities  where  water  is  impounded,  shows  that  the  trouble  has 
shown  itself  in  a  more  or  less  degree  everywhere,  and  how  to 
avert  and  correct  it,  has  been  the  problem  worrying  the  Hydraulic 
Engineers.  Numerous  plans  have  been  proposed,  from  oxidation 
by  flow  through  open  channels  or  artificial  ceration,  to  the 
gigantic  scheme  of  roofing  in  the  reservoirs  to  remove  the  effect 
of  heat  and  light  and  so  remove  the  cause  of  the  development  of 
this  new  but  unpleasant  affinity.  Future  experiment  will  de- 
monstrate the  most  feasible  plan, — but  from  my  experience  I 
would  say  that  natural  OBration  is  the  best,  for  the  reason  that 
the  water  in  our  small  distributing  reservoirs  which  enters 
through  the  fountains  as  stated  above,  has  always  been  pure. 

The  trouble  is  comparatively  modern.  Ponds  and  slug- 
gishly moving  streams  which  were  sweet  twenty  years  ago  as  I 
loitered  along  them,  are  now  affected  in  a  like  way,  without  any 
change  of  conditions.  They  are  affected  by  the  climatic  change 
which  the  country  is  undergoing.  Steady  rains  have  ceased  and 
the  precipitation  is  sudden  and  rapid. 
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Chemical  analyses  of  our  water  aflFected,  have  shown  that  there 
is  nothing  deleterious  to  public  health,  although  it  may  be  ex- 
ceedingly disagreeable.  Examinations  for  the  last  three  years 
resulted  as  follows : 

1882.  1883.  1884. 

Free  Ammonia  .0028  .0027  .0035 

Albuminoid  "  .0175  .0175  .0133 

Chlorine  .2900  .2950  .3000 

And  with  the  increase  of  pollution  from  this  source  there  has 
been  a  corresponding  decrease  in  the  death-rate,  which,  from  the 
records  of  the  Board  of  Health,  is  as  follows: 

1880,  20.1  per  M.;  1881,  21.0  per  M.  (Scarlet  fever  epidemic); 
1882,  20.0  per  M.;   1883, 19.0  per  M.;  1884, 18.9  per  M. 

The  facts  as  stated  above,  that  this  source  of  pollution  is  not 
deleterious  to  public  health  should  not  allow  Engineers  and  local 
authorities,  by  an  appeal  to  the  purse,  to  let  it  pass  by  without 
some  determined  effort  at  correction,  as  it  may  tend  to  the  de- 
velopment of  some  characteristic  which  would  be  damaging. 


DISCUSSION. 

By  Mb.  Charles  G.  Baebach. 

Data  collected  during  the  past  seven  years  disproves  the  old 
theory  that,  as  an  approximation,  we  may  estimate  a  daily  average 
yield  of  1,000,000  U.  S.  gallons  (133,370  cubic  feet),  per  day,  per 
annum,  per  square  mile  of  catchment  area,  or  the  utilization  of 
23  inches  of  rainfall.  In  fact  but  one-half  this  amount  should  be 
estimated.*     We  are  therefore  forced  to  increase  the  storage  ca- 

*  The  following  table  gives  the  results  of  the  measured  yield  from  streams  supply- 
ing the  cities  of  New  York  and  Boston,  during  the  driest  year  on  record,  viz. :  1880. 


Nftme  of 
Stre&m. 


Croton,  . 
Sunbury  . 
Mystic  . 
Cochituate 


City 
Supplied. 


New  York 
Boston    . 


u 
It 


Drftia&ge 
Area. 


Period  of  obs. 


Hinlmam  Year, 

18S0. 


ATerage  Dally  Flow. 
Million  of  Gallons. 


Sq.  Hilea. 


338.82 
78.00 
27.00 
18.67 


Years. 


18 
9 
8 

32 


Inches  of 
Rain.     Loss     Flow. 


37.16 
38.18 
44.42 
35.83 


21.96 
25.67 
22.14 
25.53 


From  the  total 
area. 


15.20 
12.49 
12.28 
10.80 


246.0 

46.3 

15.7 

9.1 


Per 

sq.  m. 

.726 
.594 
.582 
.487 


Also  see  Annual  Rejwrt  of  the  Department  of  City  Works,  Brooklyn,  N.  Y^,  1880; 
Engineering  News,  April  3d,  1880,  page  122;  Report  of  Tenth  Census  of  U.  S. ; 
"  Statistics  of  Power  and  Machinery  employed  in  the  United  States,"  pp.  17  and  21. 
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pacity,  to  tide  over  dry  years,  calculating  the  average  yield  of  24 
or  36  months  instead  of  12  months ;  in  so  doing,  the  depth  of  the 
collecting  storage  reservoir  is  increased,  and  it  is  to  this  point 
your  attention  is  directed. 

In  1875  I  noticed  that  the  water  drawn  from  a  depth  of  50  feet, 
in  Tumbling  Run  Dam,  was  very  offensive  in  odor;  but  after 
contact  with  the  air  the  water  became  odorless  and  potable,  simi- 
lar to  the  water  on  the  surface  of  the  Dam.* 

In  the  winter  and  spring  of  1881,  the  City  of  Baltimore  suf- 
fered from  bad  water;  various  theories  were  suggested,  and  if  my 
memory  serves  me,  the  bad  water  was  drawn  into  the  service 
from  the  distribution  pipes  and  from  the  bottom  of  the  reservoirs. 

In  1882  I  visited  the  Baltimore  Water  Works,  and  became 
convinced  that  one,  if  not  the  cause  of  trouble  was  deep  reservoirs. 
After  a  comparison  of  notes  with  Mr.  Robert  K.  Martin,  Chief 
Engineer,  he  determined  to  experiment,  as  follows: 

Waste  all  surplus  water  from  the  bottom  of  the  reservoirs  on 
the  Gunpowder  supply,  and  allow  the  Jones'  Falls  surplus  to 
waste  over  the  wiers. 

The  following  data  will  give  a  basis  of  comparison : 

Druid  HUl  Reservoir:  Storing  and  distributing  reservoir  for 
Jones'  Falls  supply;  maximum  depth,  65  feet;  capacity,  495,000,- 
000  U.  S.  gallons;  daily  consumption,  10,000,000  U.  S.  gallons. 
The  inlets  to  the  reservoir  are  two,  one  at  the  upper  end  and  the 
other  about  the  middle  of  the  reservoir,  both  of  them  discharge 
into  the  reservoir  at  the  bottom. 

The  outlets  are  at  the  lower  end  of  the  reservoir,  |  of  a  mile 
from  the  upper  end,  and  at  three  levels,  viz. :  15,  26  and  39  feet 
below  the  surface. 

Lake  MontebeHo:  The  receiving  reservoir  of  the  Gunpowder 
supply  is  30  feet  deep.     All  the  other  reservoirs  20  feet  deep. 

In  1881  a  diflFerence  of  10  degrees  to  12  degrees  Fahrenheit  was 
noted  between  the  temperature  of  the  surface  water  and  water  at 
a  depth  of  50  feet,  in  t)ruid  Hill  Reservoir. 

In  the  latter  part  of  November  and  in  December,  1882,  and  in 
January  and  February,  1883,  the  water  supplied  from  Druid  Hill 

*  Tumbling  Ban  Dam  is  one  of  the  feeders  of  the  Schuylkill  Canal ;  its  drainage 
is  well  wooded  and  not  subject  to  artificial  pollution. 
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Reservoir  (Jones'  Falls  supply)  again  was  bad,  while  that  from 
the  Gunpowder  supply  was  good. 

In  a  letter  dated  Jan,  8th,  1883,  Mr.  Martin  writes  to  me  as  fol- 
lows: "We  have  had  bad  water  from  our  Jones'  Falls  supply  for 
two  months.  The  big  supply  from  the  Gunpowder  has  been  very 
good.  Don't  know  whether  wasting  at  the  bottom  of  the  storage 
and  receiving  reservoirs  has  kept  it  from  being  bad  or  not,  it 
nevertheless  is  very  good." 

Feb.  1st,  1883,  Mr.  Martin  writes :  "The  only  place  we  had  bad 
water  was  in  Druid  Lake,  50  feet  down  from  the  surface,  while 
the  surface  was  good.  And  this  is  the  only  basin  that  a  flow  or 
waste  from  the  bottom  had  not  been  kept  up  right  along  since 
last  summer. 

"Those  basins  where  this  flow  has  been  kept  up  the  water  is 
and  has  been  very  good.  As  soon  as  I  found  the  water  bad  I 
commenced  to  waste  from  the  bottom,  and  in  a  short  time  the 
water  was  much  better,  and  now  is  pretty  good.  Time  alone  will 
prove  whether  wasting  at  the  bottom  is  the  thing  to  continue ;  so 
far,  it  has  done  good." 

February  16th,  Mr.  Martin  writes,  in  answer  to  questions:  "  I 
found  the  water  in  Druid  Lake  good  at  5, 10  and  15  feet  below 
the  surface,  but  bad  below  that.  The  water  was  bad  at  the  flow 
line  to  the  City  main.  The  water  was  drawn  olBF  at  a  point  30 
feet  below  the  flow  line  to  the  City  mains.  I  think  the  accumu- 
lated bad  water  below  the  flow  line  had  a  tendency  to  impair  the 
quality  of  the  water  above  it." 

March  8th,  Mr.  Martin  writes :  "  The  water  in  Druid  Lake  has 
got  all  right  again,  we  have  no  bad  water  in  any  of  our  lakes  or 
reservoirs." 

In  the  paper  before  us  it  is  stated  that  while  the  water  drawn 
from  the  pipes  leading  from  the  collecting  and  storage  reservoirs 
was  bad,  it  improved  after  being  discharged  into  the  distributing 
basins. 

Mr.  C.  S.  d'Invilliers,  Member  of  the  Club,  informs  me  that  it 
is  his  impression  that  the  collecting  reservoir  for  the  City  of 
Reading  (that  mentioned  in  the  paper),  is  about  40  feet  deep,  and 
that  its  capacity  is  great  compared  with  its  catchment  area.  I  do 
not  remember  the  data  of  the  completion  of  this  reservoir,  nor  the 
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• 
length  of  time  the  water  has  been  stored.    It  is  probably  two  or 
three  years.     Light  would  be  thrown  on  the  subject  did  we  have 
before  us  all  the  data  as  well  as  the  plans  of  the  reservoir. 

From  the  data  furnished  by  Mr.  Martin,  the  water  in  Druid 
Lake  seems  to  have  fouled  in  two  years,  from  1881  to  1883. 

A  theory  which  these  facts  seem  to  indicate  is,  that  products  of 
decaying  vegetation  sink  to  the  lower  water  in  deep  reservoirs, 
where  decomposition  is  suspended  for  want  of  oxygen ;  the  gases 
are  absorbed  by  the  water,  which  upon  contact  with  the  air  are 
fully  oxydized. 

As  a  prevention,  surplus  water  should  be  wasted  from  the  bot- 
tom of  the  deep  reservoir,  and  not  over  the  weirs.  As  a  cure,  aera- 
tion, by  means  of  shallow  distributing  reservoirs,  receiving  the 
water  on  the  surface,  and  if  possible  from  fountains. 

In  1881  the  newspapers  of  Baltimore  stated  that  as  chemists 
had  failed  to  discover  impurities,  after  testing  the  water  which 
caused  complaint,  Dame  Nature  probably  forestalled  them. 

I  would  in  this  connection,  call  attention  to  the  fact  that  in 
the  proposed  Quaker  Bridge  Dam  for  the  New  Croton  Aqueduct, 
no  provision  seems  to  have  been  made,  as  far  as  can  be  learned 
from  published  plans,  for  drawing  off  the  water  from  the  lower 
levels.  As  this  dam  will  be  of  almost  unprecedented  depth,  the 
same  trouble  may  be  expected  as  in  Baltimore  and  Reading 
unless  this  precaution  is  taken. 

Instead  of  gates  at  the  bottom  of  deep  reservoirs,  syphons  could 
be  used  to  advantage,  not  only  in  new  work,  but  in  reservoirs 
where  no  provision  has  been  made  for  drawing  off  the  water. 
The  syphon  weir  has  the  advantage  of  being  automatic,  and  can 
be  arranged  to  draw  off  the  lower  levels  during  floods,  when  the 
fresh  water  would  otherwise  flow  to  waste. 

Dr.  H.  M.  Chance 

was  of  the  opinion  that  in  the  great  fresh  water  lakes  we  had 
conditions  analogous  to  those  present  in  artificial  storage  reser- 
voirs, and  therefore  asked  if  any  member  could  tell  whether  any 
examinations  had  been  made  into  the  condition  of  tlie  water  at 
considerable  depths.  If  this  was  found  to  be  fresh  and  of  good 
quality — similar,  in  other  words,  to  the  water  near  the  surface 
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of  these  lakes,  then  an  inquiry  into  the  conditions  which  pro- 
tected it  from  contamination,  or  purified  it,  would  be  of  great 
value;  but  if,  on  the  other  hand,  the  water  at  great  depth  was 
found  contaminated  in  the  same  way  as  that  in  storage  reservoirs, 
then  it  would  be  useless  to  look  for  any  natural  phenomena  to 
assist  in  purifying  stored  water,  and  reliance  must  be  placed  upon 
some  artificial  method.  He  believed  the  subject  was  of  sufficient 
importance  to  warrant  an  immediate  investigation  into  the  char- 
acter of  the  deep  water  of  these  great  lakes,  and  thought  that  un- 
til this  was  done  sanitary  engineers,  in  declining  to  avail  them- 
selves of  this  knowledge  of  natural  laws,  were  committing  a  great 
mistake,  and  were  necessarily  working  in  the  dark. 


IV. 


STRENGTHENING  THE  WEST  MAIN  ABUTMENT  OF 

CHESTNUT  STREET  BRIDGE. 

By  J.  Milton  Titlow,  Member  of  the  Club. 
Bead  February  2lst,  1885. 


SSl 


The  Chestnut  Street  Bridge,  in  the  City  of  Philadelphia,  is 
used  for  highway  purposes,  and  with  its  approaches  is  1,528 J  ft. 
in  length,  extending  from  Twenty-fourth  Street  on  the  east  to 
Thirtieth  Street  on  the  west.     It  is  42  ft.  in  width  between  rail- 
ings, and  has  two   cast  iron  main  spans  across  the  Schuylkill 
River  of  186  ft.  each  with  20  ft.  rise.     The  river  pier  is  16  ft.  in 
thickness  at  springing  line,  and  each  of  the  main  abutments  on    • 
the  shores  42  ft,  2  in.     In  the  rear  of  each  of  these  abutments,     3 
east  and  west,  are  two  segmental  brick  arches  2J  ft.  in  thickness,    ^ 
designed  of  60  and  53  ft.  span;  east  of  these  spans  are  parallel    ^ 
rubble  retaining  walls  extending  to  Twenty-fourth  Street,  where 
there  is  a  26  ft.  arched  span  over  the  roadway  and  two  7  ft. 
arches  over  the  footways.     On  the  west  are  also  parallel  rubble 
retaining  walls  extending  to  Thirtieth  Street,  holding  the  em- 
bankment, or  filling  supporting  the  roadway  formation. 


i 


\  \  ■ 
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The  elevation  above  city  datum,  which  is  about  2  ft.  below 
the  top  of  the  present  wharves  of  the  roadway  at  river  pier,  is 
-f  39.;  at  Twenty-third  Street  +17.,  and  at  Thirtieth  Street  +15., 
making  grades  rising  onto  the  main  spans  of  4  to  2  ft.  per  hun- 
dred. The  surface  of  rock  at  east  main  abutment  is  — 21.;  at 
river  pier  — 37.;  at  west  main  abutment  — 47.,  and  about  the  same 
level  westward  to  Thirtieth  Street.  The  river  pier  by  means  of  a 
wooden  crib  rests  on  the  rock ;  the  east  main  abutment  directly 
on  the  rock,  and  the  part  of  the  approach  to  the  eastward  on  the 
gravel  and  short  piles. 

The  west  approach  is  located  upon  what  was  called  the  river 
flats,  partly  occupied  by  wharves  and  docks,  with  a  strata  of  river 
mud  or  silt  from  16  to  20  ft.  in  thickness  upon  a  strata  of  coarse 
gravel,  with  cobble  stones  and  boulders  overlaying  the  bed  rock, 
the  surface  of  which  from  the  elevations  given  above,  show  slopes 
to  the  westward  and  is  almost  horizontal  north  and  south.  The 
whole  of  this  part  of  the  structure  rests  upon  piles  which  increase 
in  length  from  24  ft.  at  main  abutment  to  40  ft.  at  Thirtieth 
Street;  those  under  the  main  abutment,  397  in  number,  were 
driven  through  the  mud  and  into  the  coarse  gravel  with  a 
1200  lb.  hammer  to  three-quarter  inch  penetration  and  20  ft.  fall, 
and  it  now  shows  no  signs  of  any  vertical  movement  having 
taken  place.  The  mud  was  excavated  around  the  pile-heads 
2J  ft.  in  depth;  this  space  and  also  that  between  the  12x12  in. 
oak  caps  to  the  close  deck  of  12x12  in.  hemlock  was  filled  with 
concrete;  the  timber  now  appears  to  be  in  as  good  condition  as 
when  originally  placed  in  position. 

The  retaining  walls  on  the  west  side  were  built  of  rubble 
masonry,  and  proportioned  three-tenths  their  height  at  one-third 
from  the  platforms  with  a  batter  of  one-tenth  on  the  face.  The 
platforms  and  piling  form  two  separate  lines  of  foundation.  The 
space  between  the  walls  was  filled  with  earth,  gravel,  etc. 

A  general  description  of  the  masonry  and  foundations  may  be 
found  in  the  Franklin  Institute  Journal,  of  June,  18G5,  containing 
a  paper  read  by  the  late  Strickland  Kneass,  the  chief  engineer. 

The  bridge  was  completed  in  October,  1867,  and  cost  $500,000. 
This  was  considered  at  that  time  a  large  amount  to  expend  on  a 
public  work  of  this  kind,  and  the   engineer  was  restricted  in 
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many  ways  by  City  Councils;  and  soon  after  the  bridge  was 
completed  the  public  began  to  demand  two  of  the  things  he  very 
much  desired :  wider  approaches  and  easier  grades. 

During  the  filling  of  the  space  between  the  west  approach  re- 
taining walls,  the  south  wall  where  it  crossed  an  old  dock,  moved 
so  much  that  it  was  taken  down  and  increased  in  thickness, 
forming  a  buttress  at  that  point  55  ft.  long.  It  is  probable  that 
both  walls  moved  outward  at  that  time  and  appear  to  have  con- 
tinued more  or  less;  the  north  wall  particularly,  as  shown  by  the 
line  of  the  railings  which  were  erected  in  the  spring  of  1866. 
Near  where  this  north  wall  intersects  a  former  dock,  the  top  of  it 
for  150  ft.  in  length  has  possibly  moved  northward  IJ  in.  in  the 
last  ten  years. 

A  few  years  after  the  completion  of  the  bridge,  the  abutment 
of  the  53  ft.  span  began  to  show  signs  of  weakness  by  moving 
back  at  the  springing  line;  that  is  concave,  with  a  separation  of 
the  vertical  joints  from  the  surface  of  the  ground  to  the  skewback, 
where  the  opening  is  IJ  in.  wide,  and  continuing  upward  and 
running  out  about  one-third  the  length  of  the  adjoining  arch. 
At  this  vertical  crack,  or  18J  ft.  from  the  north  end  of  the  abut- 
ment, the  face  leans  west  4  in.  in  7  ft.  vertical,  and  is  5  in,  back 
of  a  straight  line,  joining  the  ends  of  abutment  at  springing  line. 
This  concavity,  as  well  as  the  separation  of  the  vertical  joints, 
disappears  toward  the  platform,  which  is  apparently  on  the  face 
solid  and  straight.  The  ends  of  this  abutment  lean  2  in.  west  in 
7  ft.  vertical,  a  somewhat  greater  rate  of  inclination  than  their 
buttresses,  which  lean  6  to  7  in.  west  in  28  ft.  vertical.  The  face 
of  this  abutment  has  apparently  not  changed  in  the  last  twelve 
years.         ' 

The  span  of  this  53  ft.  arch  at  crack  and  springing  line  is 
52.97  ft.;  at  the  north  side  ^^(^,  and  at  the  south  side  ^^  of  a 
foot  shorter.  The'  other  span  to  the  eastward  and  in  the  rear  of 
the  main  abutment,  at  the  springing  line  and  north  side,  59.96, 
and  south  side,  600;  it  is  about  one  inch  less  at  the  water-table, 
caused  by  the  pier  leaning  west  three-quarters  of  an  inch  in  7  ft. 
vertical.  The  west  main  abutment  shows  no  great  variation 
from  being  vertical,  and  to  the  general  observer  apparently  as 
built.    The  river  pier  leans  2J  in.  west  in  27  ft.  vertical. 
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The  masonry  was  practically  completed  in  1865,  about  a  year 
before  the  cast  iron  river  spans;  and  any  movement  of  the  main 
abutment,  by  reason  of  it  maintaining  its  verticality,  transferred 
a  horizontal  thrust  to  and  through  that  part  of  the  approach  in 
the  rear.  That  a  westward  movement  has  taken  place  is  shown 
by  the  depression  of  the  crowns  of  both  river  spans;  the  closing 
of  the  joints  of  copings  on  spandrel  walls  from  main  abutment  to 
about  50  ft.  on  the  retaining  walls;  the  rising  of  the  crowns  of 
both  approach  arches,  as  well  as  pushing  back  the  small  ap- 
proach abutment  at  the  springing  line  between  the  retaining 
walls:  the  condition  of  which  has  been  described  above. 

The  rising  of  the  west  arch  became  very  apparent  during  1879, 
and  in  November  of  that  year  horizontal  wooden  struts,  with  a 
solid  3  in.  platform  under  those  in  the  60  ft.  span,  were  placed 
above  the  platforms  of  foundations  at  high  water  level  between 
the  main  abutment  and  the  west  abutment,  opposite  the  retain- 
ing walls,  for  the  purpose  of  taking  up  and  transferring  this 
horizontal  thrust  to  them  and  making  them  act  as  buttresses 
temporarily  until  a  plan  could  be  determined  upon  which  would 
be  effective  in  itself.  Four  wrought  iron  tie  rods  were  passed 
transversely  through  the  filling  and  retaining  walls  in  the  rear 
as  a  precaution  against  their  further  bulging. 

The  horizontal  thrust  of  the  cast  iron  river  spans  from  dead 
load  is  1,840  tons,  and  including  70  lbs.  per  square  foot  live  load 
2,000  tons.  The  lines  of  maximum  pressure  of  this  span  and  the 
adjoining  arch  are  shown  by  the  dotted  lines.  The  horizontal 
thrust  of  the  53  ft.  approach  arch  is  500  tons,  and  the  pressure 
line  of  that  arch  is  shown  through  its  abutment;  if  this  horizontal 
thrust  is  increased  600  tons  it  will  throw  this  line  out  of  the  back 
of  the  abutment  at  the  springing  line. 

It  was  evident  that  the  place  on  shore  to  take  up  this  thrust  was 
in  the  rear  of  the  west  main  abutment,  and  under  the  GO  ft.  span, 
which  is  occupied  by  the  double  tracks  of  the  Delaware  Exten- 
sion of  the  Pennsylvania  Railroad  and  two  sidings.  To  shift 
these  tracks  westward  to  the  other  arch  would  occasion  not  only 
delay  in  getting  the  proposed  work  under  way,  by  reason  of 
occupying  private  property,  but  would  have  damaged  the  lessees 

VOL.  V. — 2. 
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in  facilities,  loss  of  business,  etc.,  probably  equal  to  one-half  the 
cost  of  the  intended  work. 

A  variety  of  plans  were  proposed  to  accomplish  the  object;  the 
majority  of  which  to  act  as  buttresses,  had  the  objection  of  the 
difficulty  of  execution  to  reach  the  rock  in  the  contracted  space 
at  our  disposal,  without  disturbing  the  apparent  equilibrium  of 
the  structure  by  the  removal  of  great  quantities  of  material  in- 
the  rear  of  the  main  abutment;  and  also  the  necessity  for  re- 
moval of  one  or  both  of  the  main  railroad  tracks. 

Of  the  several  designs  suggested  for  cylindrical  iron  buttresses, 
that  of  Mr.  J.  F.  Anderson  was  adopted;  having  the  great  ad- 
vantage of  facility  of  construction  in  the  limited  area  not  occu- 
pied by  the  railroad  tracks,  and  the  immediate  filling  the  space 
occupied  by  the  materials  removed.  The  manner  of  reaching 
the  rock  being  the  same  as  that  used  on  the  pilot  of  the  Hudson 
River  tunnel,  except  that  instead  of  being  horizontal  and  ad- 
vancing directly  forward,  as  in  that  case,  the  cylinder  is  inclined 
and  advanced  downward. 

This  design,  as  executed,  consisted  of  placing,  by  means  of 
compressed  air,  four  wrought  iron  cylindrical  buttresses,  8  ft.  in. 
diameter,  filled  with  concrete,  inclined  at  45  degrees  from  a  hori- 
zontal and  parallel  with  the  axis  of  bridge,  about  62  ft.  in  length, 
extending  from  the  rear  of  the  west  main  abutment  at  the  plat- 
form to  the  bed  rock.  They  are  6  and  8  ft.  apart  and  almost 
directly  in  line  with  the  division  walls  of  the  cells  in  the  abut- 
ment, and  were  so  spaced  that  the  wooden  struts  should  not  be 
cut  off. 

As  the  strata  of  coarse  gravel  overlaying  the  rock  was  subse- 
quently found  to  contain  large  cobble  stones  and  boulders,  it  is 
believed  that  the  pneumatic  process  is  the  only  one  by  which  the 
rock  could  be  satisfactorily  reached  and  steps  excavated  into  it, 
having  beside  the  great  advantage  of  seeing  exactly  what  was  be- 
ing done  and  having  the  work  at  all  times  under  complete  control. 

Each  cylinder  is  made  up  of  half-inch  wrought  iron  plates, 
2  ft.  by  about  3  ft.  in  size,  the  joints  being  parallel  and  square 
with  its  axis.  They  are  connected  by  3J  in.  angle  bars,  rivetted 
around  the  edges  of  the  plates  and  bolted  together  when  in  posi- 
tion, forming  rings  2  ft.  in  length  and  breaking  longitudinal 
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joints  with  the  adjoining  rings.     The  plates  are  made  exactly 
^ike  and  interchangeable. 


Fiu.  1. 

The  construction  of  a  buttress  was  commenced  by  excavating 
from  the  surface  in  the  rear  of  the  abutment,  a  space  for  a  vertical 
wrought  iron  shaft  4  ft.  in  diameter  in  two  pieces;  the  lower  one, 
intended  to  remain  permanently,  was  cut  and  flanged  at  the 
lower  end  to  the  desired  angle  of  the  buttress,  and  upon  this  was 
placed  the  upper  or  temporary  portion  of  the  shaft,  about  8  ft.  in 
length  reaching  the  surface.  A  few  plates  of  the  large  cylinder 
were  now  connected  to  the  lower  end  of  the  shaft  and  toward  the 
abutment  to  support  a  bulkhead  of  timber,  between  which  and 
the  abutment  were  rammed  earth  and  mud  to  support  and  hold 
the  bulkhead  when  under  air  pressure,  and  the  space  around  the 
shaft  filled  to  the  surface,  A  double  horizontal  wrought  iron 
air-lock,  5  ft.  in  diameter  and  12  ft.  long  with  entrances  at  each 
end,  was  then  placed  on  top  of  the  shaft,  connections  made  and 
the  work  under  compressed  air  commenced.  (Fig.  2.)  Plates  are 
DOW  added  in  the  downward  direction  to  those  already  in  posi- 
tion, forming  complete  rings,  with  parts  of  two  rings  continually 
in  advance  at  the  top,  the  lower  edges  approximating  a  horizontal, 
holding  back  the  water  more  readily.    The  plates  were  lowered 
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dowD  the  shaft,  aud  the  excavated  materials  hoisted  up  in  canvas 
bags  by  means  of  a  block  and  fall  fastened  to  the  top  of  the  air- 
lock over  the  shaft.  In  this  order,  that  is,  always  keeping  two 
partly  constructed  rings  in  advance  of  those  completed,  the 
cylinder  advanced  towards  the  rock;  aa  the  material  was  re- 
moved for  a  plate  it  was  put  in  place,  bolted  fast,  and  the  joints 
covered  with  mud  to  prevent  the  air  escaping. 


When  the  rfjck  was  reached  the  plates  were  extended  over  the 
surface  of  it,  which  was  generally  horizontal,  and  the  odd  spaces 
covered  temporarily  with  mnd. 

A  shoulder  or  step,  square  with  the  direction  of  the  cylinder, 
was  cut  down  into  the  hard  rock;  occasionally,  when  very  hard 
seams  were  encountered,  small  charges  of  dynamite  were  used 
for  blasting,  the  workmen  retreating  into  the  connecting  shaft  or 
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air-lock.  On  account  of  working  a  depression  into  the  surface 
of  the  rock,  without  any  lower  surrounding  surface,  it  was  not 
practical  to  lower  the  pressure  and  allow  the  water  to  cover  the 
blast,  as  is  generally  done,  for  the  water  could  not  be  forced  out 
through  the  rock. 

The  cylinder  'was  now  ready  for  filling  with  concrete,  which 
was  composed  of  one  part  best  German  Portland  cement,  two 
parts'bar  sand,  and  four  parts  hard  broken  stone,  averaging  2  in. 
in  diameter.  The  concrete  was  mixed  by  hand  on  a  platform 
outside  and  passed  into  the  air-lock  in  bags,  and  emptied  into  a 
box  trough  extending  down  the  shaft,  and  leading  to  an  open 
trough  down  which  it  was  pushed  and  turned  several  times 
before  thrown  into  place,  and  then  rammed. 

This  work  of  concreting  was  continued  without  intermission 
until  the  lower  edge  of  the  connecting  shaft  was  reached,  when 
it  was  temporarily  suspended  to  allow  the  lower  part  of  the  bulk- 
head being  removed,  and  the  lower  shoulder  cut  into  the  abut- 
ment, square  with  the  cylinder.  When  this  was  complete  con- 
creting was  resumed,  and  this  space  and  also  the  permanent 
portion  of  the  shaft  filled  with  concrete. 

The  work  in  compressed  air  on  this  buttress  is  now  finished; 
the  air-lock  removed,  and  the  temporary  portion  of  the  shaft 
taken  out.  The  completion  of  the  upper  shoulder  and  filling 
that  portion  with  concrete  was  done  in  open  excavation. 

All  work  in  compressed  air  was  carried  on  without  intermis- 
sion, except  half  an  hour  allowed  for  lunch,  by  three  gangs  of 
workmen  in  shifts  of  eight  hours  each.  Their  wages  were  about 
the  same  as  generally  paid  per  day  for  open  wt>rk,  except  that 
they  only  worked  eight  hours. 

A  double  air  compressor,  with  10  in.  steam  and  air  cylinders, 
made  by  Delamatre  &  Co.,  New  York,  was  used,  and  the  Edison 
system  of  electric  light  for  lighting  the  inside  of  cylinders  and 
outside  night  work. 

The  first  buttress  was  one  month  and  a  half  under  construc- 
tion, but  the  two  last  were  completed  in  about  one  month  each,  the 
workmen  having  by  this  time  more  experience  and  confidence. 

Work  op  the  open  excavation  for  the  first  buttress  was  com- 
menced on  October  9th,  1884,  and  on  November  1st,  the  cylinder 
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had  advanced  into  the  coarse  gravel,  and  twenty-four  hours  was 
occupied  in  getting  one  ring  in  position.  On  the  10th,  rock  was 
reached;  16th,  commenced  filling  with  concrete,  and  on  26th, 
buttress  completed,  except  upper  shoulder  against  abutment. 
The  fourth  and  last  buttress  is  now  practically  completed. 

The  cost  of  the  work,  including  inspection,  shifting  tracks,  etc., 
is  about  $55,000. 

The  river  mud  or  silt  is  slimy  and  sticky  when  wet,  without 
grit,  and  weighs  85  to  90  lbs.  per  cubic  foot.  Two  briquettes 
were  made  by  ramming  the  mud  in  moulds  of  one  inch  square 
section,  and  dried  in  the  air.  They  contracted  in  drying  to 
seven-eighths  of  an  inch  square  section ;  one  of  them  broke  at 
9  lbs.  in  two  days,  and  the  other  at  28  lbs.  in  seven  days. 

DISCUSSION. 

Prof.  L.  M.  Haupt  did  not  wish  to  appear  to  criticise  adversely 
the  conclusions  of  the  writer,  but  he  felt  disappointed  that  the 
paper  did  not  contain  some  data,  which  would  support  the  theory 
which  led  to  the  use  of  the  piles  in  their  present  position.  This 
misconception  of  the  problem  arises  apparently  from  a  failure  to 
distinguish  which  of  the  equal  and  opposing  forces  is  the  action 
and  which  the  reaction,  or  which  the  power  and  which  the  resist- 
ance. If  the  damage  to  the  west  abutment  were  caused  by  the 
thrust  of  the  iron  arches^  as  alleged,  then  its  effect  would  be  first 
manifested  on  the  abutment  pier  and  the  adjoining  brick  arch, 
before  reaching  the  extreme  or  land  side  of  the  second  masonry 
arch.  The  writer  states  that  this  wall  has  been  thrust  backy  whilst 
his  measurements  show  that  the  span  has  been  redv^ced  in  some 
•  places  nearly  half  a  foot,  and  that  the  reduction  of  span  is  great- 
est at  the  springing  line  near  the  head  walls,  and  also  near  the 
ground.  He  admits  that  the  main  abutment  pier  has  not  moved, 
nor  has  the  one  to  the  west  of  it,  between  the  two  masonry  arches, 
as  the  eastern  span  of  60  feet  is  not  affected.  The  span  of  the 
second  arch  could  only  be  reduced,  therefore,  by  its  abutment  wall 
moving  forward. 

Prof.  Haupt  believed  that  the  defects  of  the  bridge  resulted  from 
a  slight  settlement  or  springing  of  the  piles  under  the  corners  of 
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the  foundation  of  the  ahutment  and  approach  walls,  thus  reducing 
the  Irictional  resistance  of  the  masonry  on  the  grillage,  and  per- 
mitting the  excessive  pressure  of  the  earth  filling,  especially  when 
saturated  with  water,  to  overcome  the  inertia  of  the  masonry  in 
these  w^alls,  and  break  the  bond,  which,  in  some  places,  was  very 
weak,  causing  the  large  cracks  in  the  approaches  and  the  first 
arch.    He  suggested  that  the  remedy  should  have  been  applied 
originally  at  this  point  by  the  introduction  of  screw  or  disc  piles 
around  the  outside  of  the  abutment,  by  which  the  unit  pressure 
might  have  been  reduced  to  any  desired  extent.     The  present 
tub^  are  being  made  to  abut  against  a  part  of  the  foundation 
which  is  admittedly  rigid,  are  placed  at  some  120  feet  from  the 
weak  point,  and  in  such  a  direction  as  to  oppose  no  resistance  to 
this  thrust. 

There  is  nothing  in  the  paper  relative  to  the  effect  produced 
by  the  former  remedies  of  heavy  sills  and  ties,  nor  to  show  that 
they  were  so  inefficient  as  to  render  this  last  device  a  necessity  in 
any  position. 

Mr.  Howard  Murphy  thought  that  these  "heavy  sills"  should 
never  have  been  built.    They  are,  in  reality,  built-up  horizontal 
struts  or  columns,  connecting  the  substructures,  and  were  in- 
tended to  relieve  the  main  abutment  of  a  portion  of  the  horizon- 
tal thrust  of  the  west  iron  river  arch,  by  conveying  it  to  the  ap- 
proach  abutment  through  the  intermediate  pier.     That  they 
would,  if  brought  to  firm  end  bearings,  have  increased  the  sta- 
bility of  the  structure,  whichever  way  it  has  a  tendency  to  move, 
there  is  no  doubt,  if  these  were  all  the  conditions  to  be  considered. 
But  the  Thirtieth  Street  Extension  of  the  Pennsylvania  Railroad 
passes  under  one  of  the  arches.    The  traffic  is  entirely  freight. 
The  heaviest  engines  and  trains  may  be  frequently  stopped  and 
started  under  the  bridge,  as  these  tracks  are  practically  a  portion 
of  the  yard.    The  struts  were  laid  but  a  short  distance  under  the 
surface.     If  loose,  they  did  no  good.     If  tight,  they  afforded  a  very 
convenient  rigid  medium  for  the  transmission  to  the  bridge  foun- 
dations of  every  shock  and  hammer  blow  incident  to  heavy  rail- 
road traflBc.     The  often  observed  effect  of  light  machinery  upon 
the  masonry  of  buildings,  would  seem  to  indicate  that  a*bridge 
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which  could  stand  this  kind  of  thing  without  serious  rupture,  was 
not  such  a  bad  bridge,  after  all. 

As  to  whether  or  not  the  original  designs  for  the  foundations 
of  Chestnut  Street  Bridge  had  been  faithfully  carried  out  by  the 
contractor,  Mr.  Murphy  stated  that  any  assumption  of  careless 
supervision  of  the  contractors  was  absolutely  inadmissible. 

He  differed  with  Professor  Haupt  as  to  the  easterly  or  riverward 
movement  of  the  structure,  because  there  seem  to  be  no  cracks  or 
changes  which  clearly  show  this,  and  because  a  failing  retaining 
wall  is  not  likely  to  bulge,  horizontally,  towards  the  retained  mate- 
rial, particularly  when  tied  at  its  ends  by  walls  returning  at  right 
angles  to  it,  and  against  which  latter  walls  there  is  a  greater 
thrust  of  arch,  owing  to  some  excess  of  weight,  of  the  spandrels 
and  parapets,  over  the  earth-filling  in  the  middle. 

Comparison  with  the  accurate  transit  points,  entirely  external  to 
the  structure,  which  Prof.  Haupt  has  located,  may,  however,  reveal 
changes,  in  one  or  more  directions,  now  indeterminable. 

March  7th,  1885. 

Mr.  C.  G.  Darrac^h  submitted  his  informal  discussion  of  the 
Repairs  to  Chestnut  Street  Bridge,  Philadelphia,  which  he  had 
offered  at  a  previous  meeting,  but  which  he  had  desired  to  be 
withheld  from  the  minutes  until  Mr.  Titlow/s  paper  was  presented. 
Mr.  Darrach  said : — 

"  Relative  to  the  article  in  the  Railroad  Gazette  on  the  repairs 
to  the  western  abutment  of  the  Chestnut  Street  Bridge,  to  which 
our  attention  has  been  called  by  Mr.  d'Invilliers,  I  would  state 
that  there  are  some  errors,  as  well  as  some  omissions,  in  the 
description  of  the  failure. 

1st.  The  west  abutment  of  tlie  53-foot  span  is  at  present  con- 
cave, and  not  straight  as  shown. 

2d.  A  very  decided  crack  or  break  in  the  retaining  wall  on  the 
south  has  developed  next  to  the  buttress.  This  crack  runs  from  0 
under  the  coping  to  about  3  inches  in  width  at  a  level  with  the 
spring  line  of  the  arch,  and  is  nearly  parallel  with  the  face  of  the 
end  of  the  abutment,  showing  dearly  that  the  masonry  has  been  forced 
eastwardly. 

The  wudth  of  this  crack  corresponds  with  the  shortening  of  the 
span. 
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3d.  The  crack  in  the  soffit  of  the  arch  is  wider  at  the  springing 
line  than  near  the  crown,  showing  that  the  abutment  has  spread. 

These  points  of  failure  show  that  the  end  foundations  of  the 
ends  of  the  abutment  have  been  pushed  to  the  N.  E.  and  S.  E. 
In  addition,  the  bed  of  the  skewback  on  the  south  end  is  badly 
crushed.  The  stones  in  the  abutment  under  the  skewback  are 
badly  spalled  under  the  rear  of  the  skewback. 

In  the  absence  of  absolute  measurement  from  a  fixed  point,  I 
am  not  prepared  to  say  that  there  has  been  no  movement  of  the 
abutment  of  the  iron  span  westward,  as  the  failure  of  the  west 
abutment  of  the  53-foot  arch  would  relieve  the  pressure  exerted 
by  its  arch  against  the  60-foot  arch  and  the  abutment  of  the  iron 
span,  allowing  the  thrust  of  the  iron  span  to  act  against  its  abut- 
ment supported  only  on  piles  driven  in  mud. 

I  am  convinced  that  the  first  cause  of  the  trouble  is  in  the 
foundations  of  the  western  abutment  of  the  53-foot  span ;  and  also 
that,  while  the  repairs  now  being  made  will  counteract  a  ten- 
dency of  movement  in  the  abutment  of  the  iron  span  westward, 
they  are  only  good  as  a  precautionary  measure  in  view  of  the  re- 
pairs which  have  not  been  finished,  and  in  fact  hardly  begun." 

March  21st,  1885. 

Mr.  J.  Milton  Titlow  said:  "  In  answer  to  Prof  Haupt's  criti- 
cism that  '  he  felt  disappointed  that  the  paper  did  not  contain  some 
data,  which  would  support  the  theory  which  led  to  the  use  of  the  piles 
in  their  present  position ;' 

I  did  not  consider  it  necessary  to  enter  into  more  details  than 
were  given ;  but  will  now  say  that  longitudinal  measures  taken 
on  the  roadway  from  Twenty-fourth  to  Thirtieth  Streets,  allowing 
for  inaccuracies  in  measuring,  show  in  the  last  ten  years  a  short- 
ening of  the  distance  between  the  east  main* abutment  and  the 
west  approach  abutment,  being  greatest  over  the  brick  arches. 

Range  lines  during  the  last  six  years  have  been  established  to 
measure  positively  the  movement  of  the  west  main  abutment, 
which,  by  reason  of  the  changes  that  have  taken  place  on  the 
properties  adjoining  the  bridge,  are  not  now  available.  That 
from  the  apparent  condition  of  the  structure,  it  was  positively 
inadmissible  to  wait  for  subsequent  changes  or  movements. 
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He  also  says, '  If  the  damage  to  the  west  abutment  were  caused  by 
the  THRUST  OF  THE  IRON  ARCHES,  OS  alleged,  then  its  effect  would  be 
first  manifested  on  the  abutment  pier  and  the  adjoining  brick  arch, 
before  reaching  the  extreme  or  land  »ide  of  the  second  masonry  arch.' 

It  would  be  most  clearly  manifested  wh'ere  the  parts  are  so 
disposed  and  of  sufficient  bulk  to  offer  the  most  eflFectual  resist- 
ance; that  is,  at  the  ends  of  the  small  abutment,  by  it  being 
buttressed  by  the  retaining  walls,  causing  chipping,  etc.,  where 
the  joints  are  fine  and  close;  also  the  shortening  of  that  part  of 
the  span,  and  a  rising  of  that  part  of  the  adjoining  arch  opposite 
them. 

Between  the  retaining  walls,  where  less  resistance  was  oflTered, 
and  the  abutment  weaker  than  the  arch,  it  was  pushed  back;  the 
span  at  the  point  of  greatest  movement  not  being  similarly 
shortened,  and  the  shape  of  that  part  of  the  adjoining  arch  re- 
maining approximately  as  originally  constructed,  the  soffit  being 
now  lower  than  at  the  north  and  south  faces. 

The  small  pier  between  the  approach  spans,  not  being  capable 
of  sufficient  resistance,  the  top  moved  westward  somewhat  with 
the  60-ft.  span,  and  consequently  this  arch  was  the  last  to  show 
the  change. 

He  believes  '  tha^t  the  defects  of  the  bridge  resulted  from  a  slight 
settlement  or  springing  of  the  piles  under  the  comers  of  the  foundation 
of  the  abutment  and  approach  walls,  thus  reducing  the  frictional  re- 
sistance of  tJie  masonry  on  the  grillage,  and  permitting  the  excessive 
pressure  of  the  earth  filling,  especially  when  saturated  with  waier,  to 
overcome  the  inertia  of  the  masonry  in  these  walls,  and  break  the  bond, 
which,  in  some  places,  was  very  weak,  causing  the  large  cracks  in  the 
approaches  and  the  first  arch.' 

The  breaking  of  the  bond  or  pulling  apart  of  the  vertical  joints 
forming  the  crack,  has  been  caused  by  a  transverse  force,  the  re- 
sult of  the  horizontal  thrust  going  in  a  somewhat  diagonal  direc- 
tion to  the  retaining  walls  together  with  an  outward  movement 
of  the  top  of  the  north  wall. 

From  my  knowledge  of  the  condition  of  the  filling  behind  the 
small  abutment,  it  is  not  saturated  with  water  above  the  general 
surrounding  surface,  and  that  its  pressure  would  not  be  excessive 
with  the  thrust  of  the  adjoining  arch  only  against  it;  and  that 
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this  pressure  is  not  the  principal  cause  of  the  failure  of  that 
abutment. 

In  answer  to  Mr.  Howard  Murphy  that  the  horizontal  wooden 
struts  under  the  arches:  ^If  tight  they  afforded  a  very  cmiveiiietil 
rigid  medium  for  the  transmission  to  the  bridge  foundations  of  every 
shock  and  hammer  blow  incident  to  heavy  railroad  traffic:^ 

They  were  intended  only  as  a  temporary  expedient  and  the 
only  thing  that  could  be  quickly  applied  to  answer  the  purpose. 
They  were  designed  and  built  before  the  railroad  that  now  passes 
over  them,  although  it  was  at  that  time  located ;  and  the  solid 
platform  was  placed  under  them  to  prevent  their  depression  and 
vibration  as  much  as  possible. 

They  may  be  cut  off,  after  the  concrete  in  the  buttresses  has 
thoroughly  hardened. 

Mr.  C.  G.  Darrach  says:  ^  A  very  decided  crack  or  break  in  the  re- 
taining wall  on  the  south  has  developed  next  to  the  buttress.  Tliis 
crack  runs  from  0  under  the  coping  to  about  3  in.  in  width  at  a  level 
ivUh  the  spring  line  of  the  arch,  and  is  nearly  parallel  with  the  face  of 
the  end  of  the  abutmentj  showing  clearly  that  the  masonry  has 

BEEN  FORCED  EASTWARDLY :' 

This  opening  above  the  surface  of  the  ground  is  not  a  crack, 
being  only  a  joint  in  the  masonry  out  of  which  have  fallen  the 
small  stones  and  mortar,  probably  by  the  action  of  the  weather, 
and  has  not  been  mentioned,  because  it  does  not  indicate  an 
eastward  or  longitudinal  movement,  not  showing  below  the 
surface  for  two  feet,  as  far  as  examined. 

It  does  not  appear  in  any  form  on  the  north  retaining  wall. 

I  believe  all  the  other  points  are  to  be  found  in  the  paper  itself." 

Prof.  L.  M.  Haupt  called  attention  to  the  following  commu- 
nication from  Mr.  S.  Haslett  in  the  Railroad  Gazette  of  February 
20th,  1885,  supporting  his  view  that  the  defect  of  the  bridge  was 
in  the  west  abutment  and  due  to  the  weight  of  the  filling  and 
defective  foundation.  Mr.  Haslett  presents  and  explains  a  dia- 
gram, showing  a  case  of  failure  of  a  bridge  abutment  which  he 
had  examined  some  years  ago,  and  continues: 

^AA  examination  of  the  profile  of  the  Chestnut  Street  Bridge,  given  in  your  issue 
of  Janaaty  30th,  shows  a  precisely  similar  condition  of  things  to  exist.    In  the  spring 
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of  1880,  when  the  repairs  of  that  bridge  were  commenced,  I  made  examination  of  the 
western  approach  to  ascertain  the  cause  of  its  failure.  Careful  measurements  of  the 
spans  of  the  small  arches  showed  that  the  one  nearest  the  river  was  of  uniform  span 
•throughout  its  length,  whereas  the  landward  one  varied  in  such  a  manner  as  to  show 
that  its  west  or  landward  abutment,  which  was  badly  cracked,  had  moved  riverward. 
The  abutment  pier,  supporting  the  iron  arch,  and  the  stone  arch  next  to  it  did  not 
reveal  the  slightest  evidence  of  movement^  and  it  is  satisfactory  to  know  that  Mr. 
Lindsay's  examination  corroborates  the  accuracy  of  mine.  In  view  of  these  facts, 
it  is  difficult  to  resist  the  temptation  to  believe  that  the  iron  struts  now  being  sunk 
should  have  their  direction  reversed,  and  be  pointed  toward  the  embankment  in 
the  other  bay,  instead  of  toward  the  iron  arches,  which  seem  to  have  ample  support 
already.  S.  Haslett." 

He  also  read  the  following  communication  from  himself  to  the 
Editor  of  the  Engineering  News  of  March  11th,  1885,  to  the  same 
effect: 

"  University  op  Pennsylvania,  Phila.,  March  10th,  1885. 

** Editor  Engineering  News:— Your  notes  of  the  Chestnut  Street  Bridge  in  the  En- 
gineering News  of  7th  inst.  leave  room  for  further  information  and  some  explanations. 
You  say  *  One  party  claims  that  the  west  river  abutment  has  moved  shoreward  and 
the  column  struts  were  put  in  to  arrest  this  movement.' 

"  This  is  a  natural  inference  from  the  fact  that  these  struts  were  so  put  in,  but  by  ref- 
erence to  the  proceedings  of  the  meeting  of  the  Engineers'  Club,  published  in  the  same 
issue,  you  will  see  that  the  engineer  department  of  the  city  admits  that  the  abutment 
pier  has  not  moved.  The  drawings  submitted  also  show  that  the  resultant  line  of  press- 
ure, from  the  iron  arch,  intersects  the  grillage  at  a  point  situated  about  one-third  of  the 
breadth  of  base  from  the  river  or  eastern  edge,  and  not  as  your  article  asserts,  ^  very 
near  the  westward  end  of  the  timber  grillage.'  Moreover  this  resultant  pressure  is 
opposed  by  that  of  the  brick  masonry  arches  on  the  west,  and  it  is  only  the  difference 
of  the  horizontal  components  of  these  forces  that  tends  to  produce  any  sliding  of  this 
abutment.  But  the  masonry  is  also  *  toed '  into  the  grillage  to  prevent  this  *  tendency,' 
and  it  may  safely  be  asserted  that  there  has  been  no  movement  here.  Your  remarks 
as  to  the  earth  filling  being  the  cause  of  the  bulging  and  the  wedging  apart  of  the 
piles,  are  directly  to  the  point.  The  cause  of  failure  in  this  case  is  very  similar  to 
that  of  the  west  approach  to  the  South  Street  Bridge,  viz.,  the  vertical  sinking  of  the 
piles  and  consequent  thrusting /oru.'ard  of  the  face  of  the  unsupported  masonry. 

"  This  masonry  face  has  not  bulged  horizontally  toward  the  retained  material/  as  is 
stated  in  the  record  of  proceedings.  This  would  increase  the  span,  but  it  has  been 
pushed  out  into  the  non-resisting  air  space  of  the  span,  thus  diminishing  its  original 
dimensions  as  shown  in  all  the  reports  on  the  bridge,  by  nearly  half  a  foot  at  the 
comers,  thus  giving  it  the  appearance  of  having  btUged, 

"  The  Review  also  says  that  *the  riverward  movement  of  the  structure,'  is  not  evi- 
dent, '  because  there  seem  to  be  no  cracks  or  changes  which  clearly  show  this,'  etc. 
Possibly  all  engineers  may  not  deduce  the  same  conclusions  from  cracks.  If  has  not, 
I  believe,  been  clearly  stated  in  any  of  the  printed  reports  that  there  is  an  old  crack, 
wide  open,  eiqht  inches  at  the  surface  of  the  ground,  and  four  inches  at  7  ft.  above, 
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extending  vertically  up  the  rabble  masonry  of  the  south  retaining  wall  at  its  junction 
with  the  eastern  face  of  the  heavy  buttress,  which  stands  about  25  ft.  to  the  rear  of 
this  abutment.  Any  one  may  readily  insert  his  arm  therein,  full  length.  There  are 
also  nnmerous  minor  cracks  on  the  soffit  of  the  western  arch,  and  its  supporting  wall, 
l»th  vertical  and  oblique,  which  clearly  show  the  direction  of  the  movement  and 
settlement. 

"  Instead  of  these  outward  and  visible  signs  being  most  abundant  and  most  marked 
at  or  near  the  abuimeni  pier  and  gradually  diminishing  towards  the  approach,  as 
would  be  the  case  had  the  movement  started  at  this  pier,  exactly  the  reverse  obtains. 

"The  only  thing  my  transit  points  will  show  is  that  the  abutment  pier  is  not 
moving.  A  result  which  may  be  safely  anticipated,  and  I  believe  it  is  admitted  by 
those  who  have  inspected  the  bridge  carefully  that  there  has  been  no  perceptible 
movement  for  some  years.    Then  why  these  repairs?         Respectfully  yours, 

"Lewis  M.  Haupt,  Prof,  of  Oiv.  Eng.** 

Mr.  Howard  Murphy,  in  reply  to  Mr.  Titlow  as  to  the  wooden 
struts,  still  maintained  that  even  temporary  relief  is  not  likely  to 
be  afforded  to  failing  masonry  by  placing  its  foundations  directly 
under  the  influence  of  the  heavy  yard  traffic  of  the  Pennsylvania 
Railroad,  at  the  foot  of  a  heavy  grade. 

"As  to  the  cracks  referred  to  in  Prof.  Haupt's  article,  in  Engi- 
neering NewSf  whereof  he  says, — 'Possibly  all  engineers  may  not 
deduce  the  same  conclusion  from  cracks,'  Mr.  Murphy  respect- 
fully submits  that  arguments  must  be  based  upon  facts.  There- 
fore, when  Mr.  Titlow  asserts,  as  he  has  asserted,  that  the  princi- 
pal *  crack'  in  question  is  not  a  crack,  but  an  opening  which  was 
left  there  when  the  masonry  was  built;  that  it  was  afterwards 
filled  with  small  stones  and  mortar;  that  the  latter,  in  that  i)or- 
tion  of  the  *  crack '  above  ground,  have  since  dropped  out;  and 
that  he  had  the  masonry  uncovered  for  some  distance  below  the 
surface  of  the  ground  and  there  found  the  above  filling,  in  place, 
in  the  *  crack' — ^these  statements  form  part  of  the  evidence. 

If  the  above  assertions,  and  others  of  like  character,  which  have 
been  offered  as  facts  by  the  author,  are  facts,  I  still  maintain  that 
the  existence  (or  non-existence)  of  this  *  crack '  does  not  show  an 
easterly  or  riverward  movement  of  the  masonry,  and  that  such 
movement  is  not  clearly  and  conclusively  shown  by  any  other 
given  data. 

I  closed  the  remarks  to  which  Prof.  Haupt  refers  by  saying, — 
*^Comparison  with  the  accurate  transit  points,  entirely  external  to 
the  structure,  which  Prof  Ilaupt  has  located,  may,  however,  re- 
veal changes  in  one  or  more  directions,  now  indeterminable." 
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Mr.  Rudolph  Hering  said : — 

"I  am  somewhat  at  a  disadvantage  in  discussing  Mr.  Titlow's 
paper,  as  I  was  unfortunately  absent  when  it  was  read.  Nor  have 
I  as  yet  read  the  other  discussions  on  the  matter.  As  I  had  occa- 
sion, some  years  ago,  to  make  a  number  of  measurements  at  the 
bridge,  and  formed  then  my  own  conclusions  regarding  its  move- 
ments, I  will  state  my  views  without  reference  to  Mr.  Titlow's 
paper.  These  views  I  expressed  informally  after  a  meeting  of 
this  Club  in  1880. 

To  rightly  understand  the  present  condition  of  the  bridge,  it  is 
necessary  to  discuss  certain  of  its  features  independently  of  each 
other,  as,  I  think,  the  trouble  results  from  several  independent 
causes. 

First. — The  steps  that  have  recently  been  taken  to  secure  the 
stability  of  the  bridge,  are  based  on  the  supposition  that  the  west- 
ern abutment  pier  is  moving  westward.  I  do  not  think  that  this 
supposition  is  sufficiently  substantiated  by  the  facts,  although  cer- 
tain appearances  would  lead  one  to  infer  that  it  was.  The  spaces 
for  the  expansion  of  the  iron  cornice  measured,  on  a  very  hot 
summer  day  a  few  years  ago,  about  |  inch  on  the  east,  and  a 
little  over  1  inch  on  the  w^est  river  arch,  showing  therefore  that 
if  there  had  been  actual  contact,  at  such  a  temperature,  when  the 
bridge  was  built,  the  extreme  movement  since  then  could  not 
have  been  over  the  sum  of  these  figures,  or  2  inches.  It  is  to  be 
supposed,  however,  that  there  was  some  extra  space  allowed  for. 
Moreover  a  westward  movement  of  2  inches  in  the  abutment, 
would  have  required  the  pier  to  move  about  |  inch.  A  westward 
movement  of  the  abutment  pier  would  have  aflFected  the  first 
brick  arch  by  raising  it,  and,  in  this  way,  exhausted  its  force. 
It  could  not  have  extended  across  the  arch,  and  moved  the  small 
pier  beyond,  much  less  the  second  arch,  w^hich  is  the  one  most 
distorted.  It  must  be  remembered  that  the  line  of  thrust  from 
the  river  span,  down  into  the  abutment  pier,  strikes  inside  of  the 
platform,  and  I  believe  also  inside  the  footing  of  the  piles.  From 
these  facts,  I  think,  it  can  readily  be  concluded  that  there  has 
probably  been  no  motion  at  all  of  the  western  abutment,  and 
positively  not  over  2  inches,  an  amount  quite  insufficient  to  ex- 
plain the  buckling  of  the  brick  arches. 
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Second, — ^Marks  were  made  every  50  feet  on  the  curb-stones,  be- 
ginning at  the  west  house  line  of  Twenty-third  street.  A  re- 
measurement  of  these  marks  showed  a  lengthening  of  the  dis- 
tances on  the  west  slope  of  the  bridge,  indicating  unmistakably  a 
westward  movement  of  the  curbs.  This  led,  at  first,  to  the  sup- 
position that  the  west  abutment  was  moving,  but  from  the  fact 
that  a  slight  shortetnng  of  the  distances  between  the  marks  oc- 
curred on  the  east  slope  of  the  bridge,  I  think  the  movement  of 
the  curbs  is  to  be  attributed  to  a  down-hill  crawling,  similar  to 
that  of  a  track  on  a  down  grade. 

Third, — That  the  steep  grade  of  the  western  approach  of  the 
bridge,  being  over  4  feet  to  100,  has  an  effect  also  upon  the  form 
of  the  brick  arahes,  I  think  there  can  be  no  doubt.  A  bridge  in 
Switzerland,  consisting  of  a  series  of  arches,  with  a  surface  on  a 
grade  of  over  5  to  100,  was  described  in  a  European  publication, 
some  years  ago,  as  having  required  extensive  repairs  due  to  the 
deformation  of  the  arches  caused  by  the  unequal  loading  of  the 
haunches  on  the  steep  grade.  This  deformation  consisted  in  the 
flattening  of  the  arches  on  the  up-hill  side  and  a  corresponding 
pushing  up  on  their  down-hill  side.  The  two  brick  arches  on 
the  western  approach  of  Chestnut  Street  Bridge  show  the  same 
deformation,  the  up-hill  side  of  the  arch  being  flattened.  In  fact, 
the  same  thing  is  noticeable  in  the  arches  on  the  east  side  of  the 
bridge;  but  it  is  not  as  great,  owing,  no  doubt,  mainly  to  the  fact 
that  the  grade  there  is  less. 

Fourth. — The  westernmost  brick  arch  is  buckled  considerably 
more  than  any  of  the  others.  This  is  caused  by  another  feature 
of  the  bridge,  and,  I  think,  the  most  serious  one.  The  west  abut- 
ment and  a  portion  of  the  approach  are  built  on  the  site  of  an 
old  canal  or  slip.  The  ground  consisted  mostly  of  fine  mud. 
The  abutment  and  retaining  walls  were  built  upon  piles  capped 
with  timber  platforms.  Soon  after  the  filling  was  put  in  behind 
the  walls,  a  considerable  bulging  out  occurred,  caused  by  the 
weight  of  the  earth  filled  in,  pressing  down  and  out  into  the  soft 
mud  into  which  the  piles  were  driven.  This  was  so  great  on  the 
south  side,  that  it  was  necessary  to  drive  additional  piles  and 
build  the  wide  buttress  now  existing  about  50  feet  back  of  tlie 
abutment.    At  the  same  time,  and  no  doubt  owing  to  the  same 
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cause,  the  platform  upon  which  the  west  abutment  rests,  not  being 
connected  with  the  platforms  under  the  retaining  walls,  was 
pushed  out  towards  the  river.  There  seems  to  have  been  little, 
if  any,  movement  in  this  abutment  since  that  time.  About  six 
years  ago,  it  was  feared  that  the  retaining  walls  over  the  old  slip 
were  bulging,  judging  from  the  settlement  of  the  roadway,  and 
al)out  half  a  dozen  2J  inch  or  3  inch  iron  tie-rods  were  put 
through  the  walls  near  the  top  of  the  ground,  and  fastened  with 
heavy  timbers,  thus  effectually  guarding  against  any  further 
bulging  at  that  place.  Nothing  has  been  done  to  the  west  abut- 
ment since  its  first  movement.  The  present  position  of  the  but- 
tresses on  the  north  and  south  sides,  shows  that  the  foot  of  said 
abutment,  at  the  corners,  has  moved  out  about  5  inches.  On  the 
south  side,  the  opening  caused  by  this  movement  shows  itself  as 
one  crack,  from  nothing  near  the  top  to  about  6  inches  near  the 
bottom.  On  the  north  side,  the  opening  is  divided  among  a 
number  of  joints  in  the  rough  rubble  masonry.  The  face  of  the 
west  abutment  is  concave,  tlie  concavity  measuring  about  5 
inches  at  the  springing  line,  and  probably  nothing  at  the  i)lat- 
form. 

The  reason  why  the  face  has  this  peculiar  surface,  can  be  ex- 
plained as  follows: — The  buttresses  on  each  side,  being  built  of 
cut  stone  masonry,  well  bonded  with  the  abutment,  give  the  ends 
of  the  latter  such  a  rigidity  that,  when  the  foot  was  pushed  out, 
it  carried  the  skew-back  of  the  arch,  and  therefore  the  arch  itself, 
with  it;  both  buttresses  remaining  perfectly  straight,  although  out 
of  plumb.  The  centre  of  the  abutment  did  not  move  out  corre- 
spondingly, because  of  the  relatively  greater  resistance  of  the  arch, 
on  account  of  the  wall  in  the  centre  not  having  the  strengthening 
benefit  of  the  cut  stone  face  work  and  buttresses,  and  also  being 
of  much  less  thickness  at  that  place,  a  fact  not  indicated  on  the 
plans.  The  centre  of  the  abutment  was  even  further  weakened 
by  a  crack  from  the  arch  down  to  below  the  surface  of  the 
ground. 

This  moving  out  of  the  west  abutment,  as  indicated  above, 
necessarily  pushed  tlie  ring-stones  and  the  adjoining  brick  arch 
eastward,  and  this  movement,  in  addition  to  the  other  cause 
already  mentioned,  explains  the  much  greater  raising  and  crack- 
ing of  that  particular  arch. 
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To  recapitulate — It  seems  to  me: — 

First. — ^That  the  west  abutment  which  has  recently  been  braced 
by  concrete  cylinders,  has  moved  very  slightly,  if  at  all,  being  the 
only  part  of  the  bridge  on  the  west  side  of  the  river,  which  is 
plumb,  which  has  not  settled  and  shows  no  cracked  stones. 

Second. — ^That  the  horizontal  timber  struts  put  in  under  the 
brick  arches,  if  they  show,  at  present,  any  compression  at  all,  are 
compressed  rather  by  an  eastward  movement  of  the  west  abutment, 
than  by  a  westward  movement  of  the  abutment  pier. 

Third. — ^That  the  deformation  of  the  brick  arches  is  partly  ac- 
counted for  by  an  unequal  loading  of  the  haunches,  due  to  the 
heavy  grade  of  the  bridge. 

Fourth, — That  the  greater  deformation  of  the  westernmost  arch 
is  caused  by  the  eastward  movement  of  the  west  abutment,  which 
appears  to  be  the  main  cause  of  trouble,  but  for  which  avowedly 
no  remedy  has  as  yet  been  applied." 

# 

April  4th,  1885. 

Mr.  C.  G.  Darrach  said: — "In  Mr.  Titlow's  criticism  of  my 
discussion  of  the  failure  and  repairs  to  the  Chestnut  Street  Bridge 
of  February  7th,  he  says  with  regard  to  the  crack  in  the  south 
retaining  wall  of  the  western  approach  (33  ft.  9  in.  west  of  the 
face  of  the  abutment):  *The  opening  above  the  surface  of  the 
ground  is  not  a  crack,  being  only  a  joint  of  masonry  out  of  which 
have  fallen  the  small  stones  and  mortar  *  *  *  *  not  showing 
below  the  surface  of  the  ground  for  two  feet  as  far  as  examined.' 

I  would  respectfully  submit,  that  a  straight  joint  does  exist  in 
the  masonry  at  this  place,  but  it  is  not  probable  that  it  was  orig- 
inally built  five  inches  wide  near  the  surface  of  the  ground  and 
with  a  close  joint  at  the  top  of  the  wall  under  the  coping.  An 
engineer  would  not  have  allowed,  nor  would  a  mason  have  built, 
such  a  joint.  An  examination  of  this  opening  shows  the  cast  of 
the  stones  (which  are  now  in  the  wall)  in  the  mortar  on  the 
opposite  sides  of  the  crack. 

Since  hearing  Mr.  Titlow's  paper  I  have  made  the  following 
measurements  and  observations: 
vol*,  v.— 3. 
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MEASUREMENTS  OF  WESTERN  APPROACH  OF  CHESTNUT  STREET  BRIDGE. 

MBA8DRBD 

OM  — AS  ft.  Brick  arch.— Pier. — 00  ft.  Brick  arch. — West  abutment.  Pier  of  Iron  span. 

On  north  /ace  q/  approach. 
A— West  abatment  X52  ft.  6%  Ins.  .   .  X  8  ft  X«>  ft.  11^  ins.  .  X  '*  " 

B—         "  XM  ft.  ^  ins.  .   .  X  8  ft.  XM  ft.  IG^  ins.  .  X 

Through  middle  of  approach. 
A—         •*  X58  ft.  014  *<»8-  •   •  X  8  ft.  X59  ft-  HJi  in*.  •  X 

B—         *'  X32  ft.  105^  ins.   .  X  8  ft.  X69  ft.  11  ins.  .  .  X 

On  gouth  face  0/  approach. 
A—  "  Xfi2  ft.  7%  ins.  .   .  X  8  ft.  X»0  ft.  0  ins.    .   .  X 

B—         "  X62  ft.  6%  ins.  .   .  X  8  f t.  X&d  ft.  11^  ins.  .   X 


t« 


M  44 
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Note. — Measurements  on  the  lines  A  are  taken  on  the  level  of  the  bed  of  the 
skewbacks.  Measurements  on  the  lines  B  are  taken  on  tlie  level  of  the  top  of  the 
water  table,  which  is  6  ft.  8  in.  below  the  bed  of  the  skewback. 

In  this  height,  viz.,  6  ft.  8  ins.,  the  west  abutment  jpter,  of  the 
iron  river  span,  leans  one-eighth  of  an  inch  to  the  west,  but  seems 
to  be  plumb  above  that  point.  It  is  cracked  in  and  above  the 
beveled  courses  of  the  buttresses  at  the  northwest  and  southwest 
corners. 

The  pier  between  the  two  brick  arches  is  badly  cracked  through 
in  several  places  and  leans  I  of  an  inch  to  the  WEST  in  the  6  ft. 
8  in.  between  the  water  table  and  the  skewback,  and  3f  in.  in  its 
total  height  of  about  29  ft.  at  the  coping. 

The  western  abutment  of  the  53  ft.  brick  arch  leans  out  at  the 
bottom  (in  the  Git.  8  in.)  to  the  east  as  follows:  at  the  north  end 
If  in.;  in  the  middle,  2|  in.,  and  at  the  south  end,  2  in.  This 
abutment  is  curved  out  at  the  ends  to  the  east  and  a  line  stretched 
between  its  extremities  shows  the  springing  line  to  be  2  in.  lower 
at  the  ends  than  at  the  centre. 

The  voussoirs  at  each  end  over  the  skewbacks  are  cracked  in 
the  soffit  of  the  arch.  The  face  of  the  abutment  is  cracked  in 
several  places,  and  its  length  measured  at  the  springing  line  is 
42  ft.  9J  in.,  or  2^  in.  longer  than  the  pier  between  the  two  brick 
arches.  The  largest  crack  is  4  ft.  5  in.  north  of  the  middle  of  the 
abutment,  and  is  IJ  in.  wide  at  the  springing  line,  and  one  inch 
wide  at  the  water  table. 

The  isometrical  sketch  made  from  these  measurements  seems 
to  indicate:  that  the  abutment  pier  of  the  iron  river  span  has 
moved  to  the  WEST  IJ  in.  at  its  north  end,  1  in.  at  the  middle, 
and  three-fourths  of  an  inch  at  its  south  end. 
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The  pier  between  the  two  brick  arches  seems  to  have  retained 
its  original  position  at  the  level  of  the  water  table,  but  to  have 
been  pushed  to  the  west  about  seven-eighths  of  an  inch  at  the 
level  of  the  skewbacks,  and  3f  in.  at  the  coping,  on  the  level  of 
the  roadway. 

The  western  abutment  has  moved  both  horizontally  and  verti- 
cally, its  ends  sinking,  the  length  increasing  and  the  line  of  top 
of  water  table  moving  in  a  curved  line  to  the  east  as  follows:  at 
the  north  end  6J  in.,  at  the  middle  1|  in.,  at  the  south  end  5J  in. 

That  the  line  of  the  face  of  skewback  has  moved  east  at  the 
ends  of  the  abutment  and  to  the  WEST  in  the  middle,  as  follows: 
at  the  north  end  4 J  in.  east;  at  the  middle  Of  in.  WEST,  and  at 
the  south  end  3J  in.  east.  The  distance  between  the  stone  in  the 
south  face  of  the  retaining  wall  at  the  crack  (33  ft.  9  in.  west)  at 
this  level,  and  its  imprint  in  the  mortar  opposite  measures  2  in. 

The  53  ft.  brick  arch  is  distorted  and  its  crown  raised;  the 
60  ft.  brick  arch  is  also  distorted  and  its  crown  raised,  but  not 
so  much  as  the  53  ft.  arch. 

I  think  these  measurements  will  confirm  my  remarks  made 
February  7th,  and  published  in  the  Proceedings  of  March  7th. 

As  I  understand  Mr.  Titlow's  paper,  his  contention  is  that  the 
centre  of  the  western  abutment  has  been  pushed  back  at  the 
springing  line  five  inches  to  the  toest. 

From  the  observations  noted  such  a  movement  would  have  re- 
quired the  small  pier  to  have  moved  5  in.  and  the  abutment 
pier  to  have  moved  at  least  6  in.  to  the  west,  for  the  60  ft. 
brick  span  has  been  shortened  1  in.  and  the  53  ft.  brick  span 
about  5  in." 

Mr.  Rudolph  Hering  said,  that  the  views  contained  in  Mr. 
Titlow's  paper  regarding  the  cause  of  failure  of  the  bridge,  which 
were  further  amplified  in  his  subsequent  discussion,  were  unten- 
able on  both  mathematical  and  physical  grounds,  and  supported 
his  opinion  by  blackboard  illustration  and  a  model,  kindly  pre- 
pared by  Mr.  C.  E.  Taylor,  C.  E.  He  explained  at  length  that  the 
existing  cracks,  bulges,  distortions,  chipping  of  coping,  change  in 
position  of  curbs  and  other  signs  of  motion  in  the  bridge,  while  they 
could  not  be  accounted  for  by  a  movement  of  the  pier  recently 
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strengthened,  they  could,  however,  readily  be  accounted  for  on  the 
grounds  mentioned  by  the  speaker  at  the  previous  meeting,  and 
mainly  by  the  earth-pressure  in  the  approach. 

He  thus  concurred  in  the  views  advanced  by  Prof,  Haupt,  Mr. 
Darrach,  Mr.  Lindsay,  Mr.  Haslett  and  others. 

Finally  Mr.  Hering  said  that  while  he  thought  this  explanation 
of  the  failing  of  the  bridge,  in  opposition  to  the  one  advanced  by 
Mr.  Titlow,  incontrovertible,  he  considered  that  a  diflFerence  of 
opinion  might  be  held  as  to  whether  or  not  the  recent  expensive 
work  was  of  use  simply  as  a  first  step  towards  remedying  the  real 
defects,  by  giving  the  abutment  pier  additional  security  while 
the  brick  arches  and  west  abutment  are  being  repaired.  He 
himself,  however,  believed  that  the  horizontal  struts  placed 
several  years  ago  under  the  arches,  and  extending  from  the  west 
abutment  to  the  abutment  pier,  would  have  sufficed  during  such, 
repairs  to  resist  any  dangerous  horizontal  thrust  from  the  latter. 

Prof.  L.  M.  Haupt  submitted  some  photographs  of  the  two 
western  masonry  arches  and  the  buttress  on  the  south  side  of  the 
retaining  wall,  to  show  that  these  portions  of  the  approach  do  not 
conform  with  the  neat  lines  of  the  segmental  arches,  as  originally 
designed.  The  points  of  sight  for  the  camera  were  taken  in  the 
vertical  planes  through  the  axes  of  the  arches  to  eliminate  any 
distortion  due  the  lens.  The  views  showed  a  measurable  depres- 
sion of  the  spandrels  on  the  up  grade,  and  a  corresponding  eleva- 
tion on  the  down  grade  side.  It  was  his  intention  to  have  meas- 
ured this  distortion  upon  a  screen,  but  an  opportunity  had  not 
been  offered. 

Various  questions  also  were  asked,  and  remarks  made,  by 
many  of  the  members  present. 

April  18th,  1885. 

Dr.  H.  M.  Chance  opened  the  discussion,  giving  the  result  of 
his  examinations  of  the  displacement  of  the  railing. 

A  number  of  members  participated,  but  it  appeared  that  no 
change  of  previously  expressed  opinions  had  taken  place. 
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V. 


THE  CONSTRUaiON  OF  STREET  RAILWAYS  IN  THE 

UNITED  STATES. 

By  William  Whabton,  Jr^  Member  of  the  Club. 

Read  March  7th,  1885. 

To  a  considerable  extent  I  have  in  this  paper  taken  from  the 
report  made  by  me  as  Chairman  of  the  Committee  on  Completed 
Construction  of  New  Road,  read  before  the  American  Street  Rail- 
way Association,  at  their  meeting  in  New  York,  on  October  16th, 
1884,  which  was  adopted  and  its  conclusions  approved  by  the 
Association  at  that  time. 

In  the  construction  of  street  railways  there  are  various  matters 
which  influence  the  details  in  such  a  way  as  to  prevent  the  adop- 
tion of  all  the  improvements  that  would  be  desirable  for  the  use 
of  the  railway  cars  alone,  and  in  this  respect  the  builders  of  street 
railways  are  at  a  great  disadvantage  compared  with  those  who 
lay  down  steam  railroads,  for  it  is  evident  that  while  we  must 
endeavor  to  get  the  best  roadway  for  the  cars,  due  regard  must 
be  paid  to  the  requirements  of  general  travel  along  the  streets, 
and  to  the  local  laws — often  very  unreasonable — which  govern 
the  form  of  rail  and  other  details.  So  that  we  are  not  at  liberty 
to  use  the  best  means  to  accomplish  the  end  desired;  in  fact  the 
matter  is  often  so  hampered  with  municipal'  regulations,  that  it  is 
impossible  to  accomplish  more  than  an  imperfect  and  unsatis- 
fiictory  solution  of  the  problem. 

The  best  form  of  rail  for  the  purposes  of  the  railway  company 
alone,  especially  where  the  streets  or  avenues  are  wide  enough  to 
provide  the  general  travel  of  the  street  with  a  good  and  sufficient 
roadway  outside  of  the  space  occupied  by  the  railroad  tracks,  is, 
undoubtedly,  the  "  centre-bearing,"  as  the  weight  of  the  car  wheel 
in  this  case  bears  directly  upon  the  centre  of  the  rail  and  is  trans- 
mitted evenly  to  the  centre  of  the  stringer,  so  that  the  track  is  in 
the  best  position  to  resist  the  outward  pressure  which  is  con- 
stantly tending  to  widen  its  gauge,  and  otherwise  injure  its  con- 
dition. The  spikes  with  this  form  are  placed  alternately  on  either 
side  of  the  head,  so  that  the  rail,  besides  having  a  better  bearing 
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on  the  timber,  as  above  stated,  is.  held  down  equally  on  both 
sides.  The  car  wheels  run  more  smoothly  and  with  less  friction 
than  upon  any  other  form,  as  there  can  be  no  possible  contact  with 
any  paving  stones,  and  the  open  space  provided  on  the  outside  has 
a  tendency  to  keep  the  head  of  the  rail  free  from  dirt  and  grit. 
This  is  especially  the  case  during  cold  weather,  when  one  of  the 
most  serious  difficulties  in  operating  street  railways  arises  from 
frozen  mud,  ice  or  snow,  getting  upon  the  rails,  even  when  the 
greatest  care  is  taken  to  keep  the  track  clear.  The  centre-bearing 
is  the  standard  street  rail  now  in  use  in  New  York  City,  and  it  is 
used  to  a  considerable  extent  in  Brooklyn,  and  a  few  other  places. 

In  the  next  form,  known  as  the  "slope-back,"  the  bearing  is 
approximately  in  the  centre,  the  head  being  about  three  inches 
wide  and  beveled  or  sloped  off  on  the  outer  edge,  so  that  to  a 
certain  extent,  it  gives  the  advantages  above  enumerated  for  the 
centre-bearing  rail,  but  only  to  a  limited  degree. 

The  "side-bearing"  pattern,  with  its  many  variations,  is  that 
which  is  most  generally  in  use  in  the  United  States,  not  because 
it  is  the  best,  but  because  it  is  the  best  that  the  railway  com- 
panies are  permitted  to  put  down,  as  wagon-wheels  can  readily 
get  on  the  track,  and  it  gives  a  good  wide  tramway  for  general 
travel.  This  very  fact,  however,  is  a  great  detriment,  as  the 
general  traffic  is  invited  by  its  smoothness  and  other  advantages 
to  run  upon  it.  Heavy  teams  going  at  a  slow  rate  are  constantly 
in  the  way  of  the  faster  moving  cars,  and  the  rails  are  not  only 
worn  out  by  this  travel,  but  the  speed  of  the  cars  and  the  general 
business  of  the  road  interfered  with.  A  very  serious  objection  to 
all  side-bearing  forms  is  that  the  weight  of  the  cars  being  entirely 
on  the  outer  side,  that  part  of  the  rail  wears  into  the  stringer 
sooner  than  the  other,  causing  the  rail  to  roll  out  of  level,  thus 
widening  the  gauge  of  the  track.  All  forms  in  which  the  head  of 
the  rail  is  narrower  than  the  tread  of  the  car-wheel  should  be 
avoided,  as  the  wearing  surface  is  too  little,  and  in  the  side-bear- 
ing patterns  this  is  especially  the  case,  for,  unless  the  head  is  as 
wide  as  the  tread,  the  projecting  edge  of  the  wheel  will  be  con- 
stantly striking  against  the  paving  stones  outside  of  the  rail 
when  the  track  is  new,  or  the  pavement  is  re-laid.  This  will  only 
cease  when  the  paving  stones  shall  have  been  gradually  worn 
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away  by  the  action  of  the  wheels,  which  is  a  very  objectionable 
and  costly  process,  or  when  they  shall  have  been  knocked  down 
or  otherwise  settled  below  the  head  of  the  rail. 

In  England  and  in  some  other  countries  the  standard  rail  for 
street  railways  or  tramways  is  a  flat  rail  having  a  narrow  groove 
in  it,  just  wide  enough  to  admit  the  passage  of  the  car- wheel 
flanges,  but  not  wide  enough  to  allow  the  wheels  of  any  ordi- 
nary vehicle  to  get  in  it.  Such  a  rail,  although  in  some  respects 
the  best  for  traffic  other  than  the  railway  cars,  could  not  well  be 
used  in  this  country,  particularly  in  the  northern  parts,  owing  to 
the  liability  of  the  narrow  grooves  being  clogged  up  with  dirt 
or  mud.  This  would  especially  be  the  case  in  winter,  as  it  would 
be  almost  impossible  then  to  keep  the  cars  upon  the  track,  as  the 
grooves  would  be  constantly  getting  filled  with  frozen  mud  or 
ice.  Although  rails  of  this  form  allow  wagon  wheels  to  cross 
them  freely  in  all  directions,  this  very  thing  is  of  itself  a  draw- 
back to  the  use  of  the  railway  track  by  ordinary  vehicles,  as  there 
is  nothing  to  keep  them  in  line  upon  the  rails.  Street  railways 
or  tramways  give  a  first-class  opportunity  for  the  hauling  of 
heavy  loads  of  freight  through  cities  in  ordinary  wagons,  and  if 
the  flat  English  grooved  rails  were  used,  they  would,  for  the 
reason  just  stated,  not  be  as  good  for  that  purpose  as  rails  of  the 
usual  forms  used  in  the  United  States. 

Where  the  service  is  heavy,  a  rail  weighing  sixty  pounds  to 
the  yard  will  be  found  the  most  satisfactory,  and  in  the  end  the 
most  economical ;  but  upon  roads  with  lighter  travel  this  is  not 
necessary,  though  it  should  always  be  borne  in  mind  that  it  is 
impossible  to  get  satisfactory  results  when  materials  of  poor 
quality  or  insufficient  size  or  weight  are  used.  It  is  not  the  first 
cost  that  should  be  regarded  altogether,  for  if  the  railway  is  well 
built  with  good  and  sufficient  materials,  the  annual  wear  and 
tear  will  be  proportionately  reduced,  so  that  the  profit  and  loss 
account  from  year  to  year  will  not  be  charged  with  constant  re- 
pairs, rendered  needful  by  poor  or  scanty  construction  at  the 
outset. 

The  spike-holes  should  be  about  twelve  inches  apart,  so  that 
when  the  rails  are  first  laid,  it  will  be  enough  to  spike  every 
alternate  hole,  thus  leaving  new  holes  with  their  original  coun- 


40  Wharton — Construction  of  Street  Railways,      [Proc.  Eng.  Club, 

tersink  to  be  used  when  the  others  shall  have  become  worn  too 
large  and  be  unfit  to  retain  the  spikes.  The  rails  should  be  care- 
fully inspected,  and  any  that  are  not  cut  square  at  the  ends,  or 
not  straight  and  level,  should  be  rejected  and  returned  to  the 
mill. 

As  the  gauge  of  street  railways  is  almost  always  established 
by  the  local  authorities  to  conform  with  the  legal  gauge  of  the 
ordinary  vehicles  of  such  city,  there  is,  in  consequence,  no  uni- 
versal or  standard  gauge  for  them.  From  four  feet  eight  inches 
to  five  feet  two  inches  gauge  will  give  the  most  satisfactory  re- 
sults, as  a  general  rule,  especially  for  double  teams,  as  there  is 
not  sufficient  room  for  the  horses  to  travel  properly  if  the  gauge 
is  less  than  four  feet 'eight  inches,  without  their  treading  upon 
the  smooth  surface  of  the  rail,  which  would  probably  cause  them 
to  slip  and  injure  themselves. 

Where  double  tracks  are  laid,  there  should  be  ample  space  for 
the  cars  to  pass  each  other  on  both  the  straight  tracks  and  the 
curves.  Five  feet  between  gauge-lines,  unless  the  cars  are  ex- 
ceptionally large  and  wide,  will  be  a  suflicient  distance;  and  on 
straight  tracks  it  will  also  allow  a  man  to  stand  between  the  cars 
while  passing  each  other,  which  may  prevent  many  accidents. 

All  joints  of  the  rails  should  have  rolled  iron  joint-plates,  not 
less  than  eighteen  inches  long,  placed  under  them.  These  should 
have  vertical  flanges  to  fit  against  the  sides  of  the  rails,  so  as  to 
keep  them  in  line  with  each  other,  and  to  increase  the  vertical 
strength  of  the  joint-plate  itself.  If  the  track  is  laid  in  cold 
weather,  the  joints  of  the  rails  should  be  kept  apart  three-eighths 
of  an  inch  to  allow  for  expansion  of  the  rails  in  summer;  and  this 
space  should  be  less  as  the  temperature  rises,  although  the  ends 
of  the  rails  should  never  be  laid  loss  than  one-eighth  of  an  inch 
apart  even  in  mid-day  of  the  very  hottest  weather. 

The  rail-spikes  should  be  five  and  a  half  or  six  inches  long,  of 
one-half  inch  square  iron,  with  countersink  heads,  to  fit  into  and 
not  project  above  the  countersink  in  the  rail  itself.  They  should 
be  of  good  tough  iron,  so  that  when  driven,  the  heads  will  not 
fly  ofif  under  the  strokes  of  the  hammer. 

As  street  railways  are  now  usually  constructed,  the  rails  are 
placed  upon  longitudinal  wooden  stringers,  resting  upon  trans- 
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Terse  wooden  cross-ties.     Where  it  can  be  obtained  at  a  reason- 
able cost,  yellow  pine,  free  from  sap-growth,  and  cut  from  trees 
that  have  not  been  tapped,  should  be  used.    As  a  general  rule, 
the  best  yellow  pine  railroad  lumber  is  brought  from  (leorgia  or 
Florida,  and  in  all  cities  near  the  seaboard,  at  least,  the  rate  of 
freight  is  low  enough  to  justify  its  use  for  stringers  and  cross-ties. 
Of  course,  this  may  not  be  so  in  cities  or  towns  far  inland,  and 
in  such  cases,  other  lumber  must  be  used  which  can  be  more 
conveuiently  and   reasonably  obtained.     The  ties  should  be  of 
equal  size,  in  order  to  give  a  uniform  bearing  and  support  to  the 
track;  for  if  they  are  of  unequal  surface,  the  track  will  be  better 
held  up  by  the  large  ties  than  the  smaller  ones,  thus  causing  it  to 
be  uneven  and  irregular.     For  the  same  reason,  they  should  be 
placed  at  a  uniform  distance  apart,  five  feet  from  centre  to  centre, 
being,  probably,  the  most  desirable.     Uniformity  of  dimensions 
can  be  more  certainly  had  if  the  ties  are  sawed  than  if  hewed, 
and  in  addition  to  this  the  stringers  will  then  always  have  a 
good  flat  bearing  upon  them.     The  joints  of  the  stringers  should 
never  be  under  the  joints  of  the  rails.     The  stringer  should  be 
not  less  than  seven  inches  deep,  and  of  the  same  width  as  the 
rail  which  is  to  lie  upon  it,  unless  it  should  be  one  of  the  narrow 
forms  of  rail,  in  which  case  the  timber  should  project  on  both 
sides  not  more,  how^ever,  than  one-half  inch.     It  should  then  be 
beveled  off  on  the  upper  edges  to  the  width  of  the  rail  before 
putting  down  the  pavement.     The  stringers  should  be,  at  least, 
twenty-five  feet  long,  in  lengths  divisible  by  five  feet,  so  that 
there  will  be  no  waste  in  cutting  off  useless  ends  to  allow  the 
joints  of  the  stringers  to  come  exactly  upon  the  cross-ties.     Of 
course,  where  there  is  exceptionally  heavy  service,  it  may  be  of 
advantage  to  place  the  ties  four  feet  from  centre  to  centre,  and 
the  size  of  the  ties  may  then  be  increased  to  advantage,  say  five 
inches  high  by  seven  inches  wide,  although  generally  four  inches 
by  six  inches  is  large  enough.    The  ties  should  project  outside  of 
the  stringers  on  both  sides  at  least  nine  inches,  and  the  stringers 
on  the  outside  should  be  fastened  to  the  ties  by  cast  iron  knees, 
not  less  than  six  inches  high  and  six  inches  long,  and  on  the  in- 
side by  similar  knees  three  inches  high  and  three  inches  long. 
The  large  knees  on  the  outside  tend  to  keep  the  stringer  in  a 
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perpendicular  position  and  so  to  preserve  the  gauge  of  the  track. 
At  all  joints  of  stringers,  joint  knees  should  be  used  on  both  the 
inside  atid  outside  of  the  stringers,  and  they  should  be  broad 
enough  to  bear  against  and  be  spiked  to  the  contiguous  ends  of 
the  same,  thus  keeping  them  in  line.  The  spikes  used  for  these 
cast  iron  knees  should  be  three  and  a  half  or  four  inches  long, 
and  three-eighths  of  an  inch  square,  with  button-heads.  The 
knees  should  be  of  good  strong  iron,  so  as  not  to  break  easily,  in 
case  the  workman  should  miss  the  spike  and  accidently  hit  the 
knee  itself,  and  all  the  spike-holes  should  be  carefully  drifted  out, 
so  that  in  driving  the  knee-spikes,  they  will  not  wedge  in  the 
holes  and  split  the  knees. 

It  is  very  important  to  have  the  ties  and  stringers  well  and 
solidly  tamped-up,  and  a  straight  line  and  even  surface  carefully 
obtained.  This  is  a  matter  which  is  often  slighted,  but  which 
should  be  attended  to  with  great  care. 

A  very  troublesome  and  expensive  item  of  repairs  is  often 
caused  by  the  wheels  of  heavy  wagons  making  ruts  alongside 
of  the  rails,  thus  causing  the  track  to  get  out  of  gauge,  and 
otherwise  wrenching  and  injuring  it.  This  can  be,  in  a  great 
measure,  prevented  by  putting  a  row  of  substantial  square-shaped 
paving  blocks  on  each  side  of  each  rail,  which,  after  being 
thoroughly  rammed,  should  be  left  about  one-half  inch  above 
the  rail,  otherwise  they  will  settle  down  so  as  to  be  below  the 
rail,  when  their  efficiency  \^dll  be  greatly  le_ssened.  Although  it 
is  very  seldom  done,  it  is  a  great  advantage  to  bed  the  block 
stones  next  to  the  rails  upon  a  layer  of  concrete,  which  will 
greatly  help  to  keep  them  from  being  pressed  down  out  of 
position. 

All  the  undisturbed  bed  between  the  cross-ties  should  be 
loosened  up  with  the  pickaxe,  so  that  all  of  the  pavement  shall 
have  the  same  bearing,  and  it  will  settle  alike  all  over. 

The  best  pavement  for  the  horse-path  is,  probably,  had  by 
using  cobble  stones  about  six  inches  long,  about  four  inches  wide, 
and  two  or  three  inches  thick.  These  dimensions  give  stones  of 
moderate  size,  and  of  flat,  oval  form,  so  that  when  closely  set  on 
end,  they  furnish  a  very  good  foothold  for  the  horses,  and  the 
pavement  can  be  kept  in  repair  at  a  very  reasonable  cost.    The 
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horse-path  should  be  paved  as  nearly  as  possible  level,  and  all 
crowning  or  elevation  in  the  middle  of  the  track  should  be 
avoided,  so  as  to  allow  the  horses'  feet  to  travel  evenly  and 
squarely.  The  stones  should  be  laid  upon  a  bed  of  good  sharp 
gravel  or  coarse  sand  not  less  than  six  inches  deep;  they  should 
be  thoroughly  rammed  three  times,  and  left  with  a  covering  of 
the  same  material  about  one-half  inch  deep,  from  which  all 
stones  over  an  inch  long  should  be  raked  off.  As  by  far  the 
greater  number  of  horses  worn  out  in  street  railway  service  be- 
come so  from  injuries  or  weakness  of  their  feet  or  legs,  this  mat- 
ter of  suitable  pavement  is  a  very  important  one  to  street  railway 
companies,  and  it  has  been  proved  beyond  doubt  that  horses 
traveling  upon  cobble  stone  pavement  carefully  and  properly 
laid,  last  longer  than  when  any  other  form  of  pavement  is  used. 

At  proper,  and  frequent  intervals  suitable  connections  should 
be  made  with  the  sewers,  or  with  surface  drains  where  sewers  are 
not  in  use.  If  this  matter  is  not  properly  attended  to,  great  in- 
convenience and  expense  will  be  caused,  especially  in  cities  where 
the  melting  of  snow  during  the  winter  causes  a  great  accumu- 
lation of  water  upon  the  track,  which,  if  not  promptly  removed, 
may,  by  a  sudden  change  of  weather,  freeze  up  solid  on  the  track. 
In  any  event,  no  track  can  be  properly  kept  in  order  unless  the 
surplus  water  is  promptly  and  adequately  drained  off.  The 
general  elevation  of  the  whole  track  should  be  a  little  higher 
than  the  rest  of  the  street,  to  aid  in  draining  the  water  away  from 
the  track. 

The  radius  of  the  curves  will  be  governed  by  the  width  of  the 
streets  and  other  conditions,  but  it  is  always  desirable  to  avoid 
curves  of  small  radius.  A  curve  of  fifty  or  sixty  feet  radius  is 
probably  the  most  desirable  when  it  can  be  laid  down;  but  in 
many  cities  the  width  of  the  streets  will  not  permit  curves  of 
more  than  thirty  or  thirty-five  feet  radius,  which,  however,  if 
properly  laid,  will  give  all  reasonable  satisfaction.  The  curved 
rails  should  be  of  the  grooved  form,  on  both  the  inside  and  out- 
side lines  of  the  curve,  although  in  curves  of  large  radius  it  is 
not  necessary  to  have  the  outer  line  laid  with  grooved  rail,  in 
s>uch  cases  bending  the  rail  used  upon  the  rest  of  the  track  to  the 
proper  shape.     The  groove  should  be  about  one  and  a  half  inches 
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wide,  and  the  inner  side,  or  guard,  of  the  grooved  rail,  should  not 
be  more  than  three-eighths  of  an  inch  above  the  tread.  Great 
care  should  be  taken  in  laying  the  curves  to  have  them  of  regular 
curvature,  uniform  gauge,  and  with  no  abrupt  changes  of  sur- 
face. Ordinarily,  a  curve  laid  with  the  inner  and  outer  rails  on 
the  sam^  level  will  give  the  best  results  in  service,  but  there  are 
instances,  when,  from  the  grade  of  the  streets,  it  will  be  found 
necessary  to  elevate  one  rail  higher  than'  the  other.  The  outer 
rail  may  then  be  elevated  a  few  inches  above  the  inner  without 
any  disadvantage;  but  tjie  inner  rail  should  never  be  higher 
than  the  outer,  if  it  can  possibly  be  avoided,  although  a  slight 
difference  in  this  respect,  where  absolutely  unavoidable,  can  be 
allowed,  if  the  curve  is  very  carefully  and  accurately  put  down. 
The  curves  should  always  be  so  constructed  that  all  four  wheels 
of  the  car  will  bear  equally  upon  the  rails;  as  otherwise,  if  any 
one  of  the  wheels  should  have  its  portion  of  the  load  removed 
from  it  by  reason  of  a  depression  in  the  track,  it  will  have  a  ten- 
dency to  run  off  the  curve  at  that  point.  The  curved  rails  should 
be,  when  practicable,  in  lengths  of  thirty  feet,  so  as  to  have  as 
few  joints  as  possible ;  and  a  straight  guard  rail,  not  less  than 
seven  feet  long,  should  be  attached  to  each  end  of  the  inner  line 
of  the  curve. 

On  single-track  railways  where  it  is  necessary  to  have  turnouts, 
or  passing  places,  they  should  be  so  constructed  as  to  allow  the 
cars  to  run  easily  into  and  out  of  the  turnout.     This  can  be  ac- 
complished by  making  the  curves  leading  into  and  out  of  the 
turnouts  of  large  radius,  say  three  hundred  or  three  hundred 
and  fifty  feet.    As,  however,  in  cities,  the  length  required  for  this 
form  of  turnout  is  often  inadmissible,  it  will  then  be  necessary  to 
use  curves  of  shorter  radius,  and  a  turnout  with  grooved  rails  of 
seventy-five  feet  radius,  will,  probably,  be  found  the  most  desir- 
able under  such  circumstances.    Where  the  curved  rails  of  the 
turnout  are  of  three  hundred  or  three  hundred  and  fifty  feet 
radius,  it  will  not  be  necessary  to  use  any  grooved  rails,  as  the 
ordinary  rails,  when  carefully  curved,  will  be  sufficient  to  guide 
the  car-wheels. 

The  castings  for  all  switches,  frogs  and  crossings  should  be 
made  from  hard,  tough  iron,  and  of  substantial  size  and  weight. 
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At  each  end  of  the  casting,  there  should  be  a  recess  or  pocket  of 
the  right  size  and  shape  to  support  and  retain  in  position  the  end 
of  the  adjoining  rail;  or,  when  two  castings  themselves  abut, 
the  end  on  to  which  the  cars  run -should  rest  in  a  pocket 
formed  in  the  end  of  the  other  casting.  Particular  care  should 
be  taken  to  have  all  the  castings  evenly  and  solidly  bedded  upon 
the  timber  supporting  them,  for  otherwise  they  are  liable  to  be 
broken  by  the  shocks  and  strains  of  heavy  loads  crossing  over 
them.  At  places  where  frogs  or  crossings  are  recjuired,  and  one 
of  the  tracks  is  used  very  much  less  than  the  other,  it  will  often 
be  found  desirable  to  have  the  castings  so  made  as  to  allow  a 
continuous  rail  to  run  through  a  recess  in  the  casting,  thus  giving 
an  unbroken  rail  to  that  one  of  the  tracks  which  has  much  the 
greater  travel,  while  the  occasional  cars  running  on  the  other 
track  have  their  wheels  so  raised  up  that  their  flanges  pass 
r^dily  over  the  top  of  the  continuous  rail.  "Toe-pieces,"  or 
slight  projections,  should  be  made  on  all  castings,  when,  by  the 
size  or  smoothness  of  the  surface  exposed,  horses,  are  otherwise 
liable  to  slip  upon  them,  smooth  spaces  being  left  only  where  the 
car- wheels  run. 

As  the  standard  depth  of  the  flanges  of  wheels  on  street  cars 
is  only  nine-sixteenths  of  an  inch,  while  the  standard  depth  of 
flanges  of  car  wheels  on  steam  railroads  is  one  and  a  quarter 
inches,  it  is  evident  that  great  care  must  be  taken  to  have  all 
curves,  crossings  and  switches  on  street  railways  made  with  ac- 
curacy and  put  down  very  carefully. 

The  use  of  turntables  should  be  avoided  wherever  it  is  possi- 
ble, but  as  they  will  often  be  found  necessary,  it  is  important 
that  those  only  should  be  used  which  will  turn  easily,  present 
little  or  no  obstruction  in  the  street,  and  require  but  a  reasonable 
amount  of  repairs  when  in  use.  They  should  be  set  on  brick  or 
5tone  foundations  laid  below  the  frost-line,  and  they  should  be 
thoroughly  provided  with  drainage. 

Within  a  recent  period,  and  esi>ecially  within  the  last  five 
years,  a  very  radical  change  has  taken  place  in  the  manufacture 
of  rails,  whether  for  steam  or  horse  railroads,  the  material  now 
used  in  the  construction  or  repair  of  railways  being  almost  uni- 
versally steel  instead  of  iron;  in  fact,  it  would  be  very  difficult  \ 
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to  get  iron  rails,  as  the  mills  that  formerly  made  them  have  god 
out  of  the  business,  or  have  changed  their  plant  to  make  ste^ 
rails  instead.     The  improvements  in  the  manufacture  of  stef" 
have  been  so  great  that  there  is  now  no  inducement  to  use  thj  Jfv  ^ 
inferior  article,  as  the  superior  can  be  had  at  the  same  or  a  lea  L 
price.    The  service  of  steel  rails  on  an  average  street  railway  il_^ 
probably,  at  least  three  times  that  of  iron  rails  of  equal  size  an< 
weight,  the  wear  of  the  steel  rails  being  also  more  even  and  regu 
lar.     One  great  cause  of  the  rapid  deterioration  of  iron  rails  fut 
nished  for  street  railway  use,  arose  from  the  fact  that  they  woul^ 
laminate  and  often  split  off  in  pieces  of  considerable  size,  so  tha 
the  surfaces  were  not  only  worn  away,  but  actually  broken  awa^ 
and  splintered  off.    Steel  rails,  on  the  contrary,  being  of  hom<i^ 
geneous  and  tough  material,  are  not  subject  to  this  objection^ 
every  particle  that  is  worn  off  under  service  coming  away  bj 
itself,  but  not  dragging  with  it  any  other  portion  of  the  mass. 

Up  to  this  time  I  have  not  referred  to  the  various  forms  o 
girder  rails,  largely  used  in  European  cities,  and  within  the  laif 
few  years  introduced  to  a  considerable  extent  in  the   UniteJ 
States,  by  which  wooden  stringers  and  ties  are  altogether  avoided 
One  great  advantage  that  they  give  is  that  a  perfectly  secure  anc 
level  joint  can  be  had  at  the  ends  of  the  rails,  as  fish-plate  joinia 
can  be  used  similar  in  general  character  to  those  in  use  on  steaix 
railroads.    The  deterioration   of  the  railway  by  reason  of  th< 
decay  and  wearing-away  of  the  stringers  and  ties  is  avoided,  an 
no  timber  is  used  with  them.    Thus  not  only  is  a  much  smoother* 
track  obtained  by  their  use,  but  the  durability  and  life  of  thf     ^- 
railway  is  very  much  increased.     It  is  almost  certain  that  th4     [ 

standard  street  railway  of  the  near  future  will  be  constructec     I . 

with  steel  girder  rails,  set  on  iron  or  steel  supports,  or  cross-tiea 
and  held  to  gauge  by  iron  tie-rods. 

In  the  Johnson  system  of  girder  railway  construction,  the  rails 
when  laid  in  the  street,  present  the  same  form  and  appearand 
as  those  of  the  usual  kinds.  Various  forms  of  side-bearing  and 
centre-bearing  rails  are  made  by  this  system,  but  they  have  a 
stem  and  base  attached  to  and  forming  a  part  of  the  rail,  very 
similar  in  general  appearance  to  the  stem  and  base  of  the  ordi- 
nary T  rails.    This  stem  and  the  base  are  made  of  any  desiredT  CT] 
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height  or  thickness,  and  being  rolled  in  one  piece  with  the  rail  it- 
self, the  whole  structure  is  very  firm  and  strong,  both  laterally 
and  vertically.  The  Johnson  girder  rails  are  supported  in  suit- 
able iron  chairs,  of  either  rolled  or  cast  iron,  and  cross-ties  of 
either  metal  or  wood  can  be  used  with  them.  Many  miles  of 
tracks  have  within  a  few  years  been  laid  upon  this  system  in  the 
United  States,  and  the  new  cable  railway  on  Tenth  Avenue  and 
One  Hundred  and  Twenty-fifth  Street,  New  York,  is  constructed 
with  them.  In  this  case  they  rest  in  recesses  of  the  cast  iron 
yokes  of  the  cable  conduit,  which  are  placed  about  four  feet  apart 
from  centre  to  centre. 

hi  the  Brayton  system  of  girder  railway  construction,  as  in  use 
in  Providence,  Rhode  Island,  where  a  number  of  miles  have  al- 
ready been  laid  or  are  in  process  of  construction,  the  depth  of  the 
whole  rail  is  seven  inches.     Cast  iron  chairs  or  supports  twenty- 
four  inches  long,  placed  seven  feet  six  inches  apart  from  centre 
to  centre,  and  resting  upon  concrete  foundations,  receive  and  hold 
in  upright  position  these  girder  rails.    The  lower  end  of  the 
Brayton  rail  is  made  somewhat  larger  than  the  stem,  so  that  when 
placed  in  these  chairs  and  suitable  wedges  are  driven  in,  the 
whole  structure  becomes  very  firm  and  solid.     Iron  tie-rods  one 
and  a  half  inches  wide  and  one-quarter  of  an  inch  thick,  are 
placed  every  seven  feet  six  inches  apart  from  centre  to  centre. 
These  tie-rods  extend  through  the  stem  of  the  rail  near  the  top, 
and  are  secured  with  nuts  both  inside  and  outside,  thus  keeping 
the  rails  in  a  vertical  position  and  preventing  the  track  from 
spreading.     The  tie-rods  being  placed  on  edge,  present  no  diffi- 
culty in  paving  the  street,  as  they  take  up  but  little  room. 

No  allusion  has  been  made  in  this  paper  to  the  construction  of 
cable  railway  conduits,  which  form  a  different  branch  altogether 
of  the  subject,  and  which  might  properly  come  under  the  head 
of  propulsion  or  motive  power. 
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PERTAINING  TO  ISTHMIAN  TRANSITS. 

By  Preston  C.  F.  West,  Member  of  the  Club. 
Read  March  7th,  1885. 

In  an  editorial  in  the  "  Nation  "  of  February  5th,  1885|  it  is  stated 
that  "  most  of  the  pamphlets  which  have  been  written,  and  most 
of  the  speeches  which  have  been  made  about  the  Nicaragua 
Canal,  have  so  much  passion  in  them  of  one  sort  and  another, 
that  even  their  facts  and  figures  can  hardly  be  depended  on, 
much  less  their  conclusions  as  to  its  political  and  commercial 
importance."  This  will  apply  as  well  to  statements  that  have 
been  made  in  regard  to  the  Tehuantepec  and  Panama  routes; 
the  article  suggests  that  inasmuch  as  the  defeat  of  the  Nicaragua 
treaty  in  the  Senate,  "offers  a  little  breathing  space  now,"  ad- 
vantage should  be  taken  of  it  "by  a  calm  and  rational  view  of 
canals  in  general." 

With  this  view,  I  shall  be  glad  to  call  the  attention  of  the  En- 
gineers' Club  of  Philadelphia,  to  a  subject  of  so  much  importance, 
and  avail  myself  of  the  opportunity  now  offered,  to  embody  a 
few  remarks  and  suggestions,  which  a  personal  knowledge  of  the 
Darien  Isthmus,  enables  me  to  make. 

I  have  noticed  that  in  the  speeches,  as  well  as  the  pamphlets, 
setting  forth  the  relative  merits  of  the  three  prominent  routes, 
above  alluded  to,  very  little  has  been  said  about  the  harbors  at 
their  termini,  except  when  the  harbors  or  want  of  harbors  of  the 
rival  routes  are  dwelt  upon. 

No  harbors  exist  to-day  at  the  termini  of  the  Tehuantepec  or 
Nicaragua  routes,  sufficient  to  answer  for  all  the  exigencies  of 
inter-oceanic  transit,  and  the  conditions  existing  there  are  un- 
favorable in  my  opinion  for  their  construction,  within  anything 
like  the  period  of  time,  or  limit  of  money,  which  has  been  al- 
lotted in  the  reports;  at  the  mouth  of  the  Coatzacoalcos  River  in 
Tehuantepec,  and  at  or  near  Greytown  in  Nicaragua,  harbors  are 
absolutely  necessary,  before  the  work  of  construction  inland  can 
be  conducted  with  certainty  and  despatch;    otherwise,  the  labor 
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and  material,  which  will  necessarily  have  to  be  landed  at  these 
points,  must  be  sent  to  the  former  place,  in  vessels  drawing  not 
over  ten  or  twelve  feet,  in  order  to  cross  a  dangerous  bar,  and 
landed  in  a  treacherous  surf  at  the  latter  place. 

Aspinwall  is  sufficiently  protected  from  the  prevailing  north- 
east trade  winds,  but  northers  which  occasionally  reach  there, 
have  several  times  played  sad  havoc  with  the  shipping  and 
wharves;  to  be  secure  from  such  visitations,  protection  of  some 
kind  is  needed,  which  thus  far,  according  to  the  communication 
of  Capt.  Bedford  Pim,  K.  N.,-  to  the  State  Department,  dated 
October,  1884,  and  published  in  the  "Washington  Post"  of  Janu- 
ary 18th,  1884,  has  been  neglected. 

Of  the  three  terminal  ports  on  the  Pacific,  Panama  will  satisfy 
the  conditions,  although  much  work  is  needed. 

Brito  has  to  be  created,  as  no  harbor  exists  there,  and  I  doubt 
if  the  conditions  exist,  which  will  admit  of  a  harbor  of  sufficient 
capacity  being  built  as  proposed. 

The  exact  Pacific  terminus  of  the  Tehuantepec  route,  seems  at 
present  to  be  undecided,  but  the  whole  stretch  of  coast  east  and 
west  of  Ventosa,  presents 'no  favorable  point  for  the  construction 
of  a  harbor  of  suitable  proportions,  with  any  degree  of  certainty 
or  facility. 

Harbors  at  any  or  all  of  the  terminal  points  of  the  Tehuantepec 
and  Nicaragua  routes,  would  be  a  great  benefit  to  the  commercial 
world,  and  the  scarcity  of  harbors  on  the  adjacent  coasts,  would 
almost  justify  maritime  powers  to  assist  in  their  construction. 

I  would  respectfully  suggest  to  the  representatives  in  Congress, 
that  if  the  Nicaragua  treaty  comes  before  them  again,  with  a 
proviso  that  four  million  dollars  be  paid  at  once,  for  internal  im- 
provements to  meet' the  new  condition  of  things  (as  it  has  been 
stated  is  a  clause  in  the  treaty),  that  it  should  be  stipulated  this 
money  should  be  used  at  Greytown  to  commence  a  harbor,  so  as 
to  enable  her  in  part  to  deliver  goods  which  she  proposes  to  sell, 
and  does  not  possess,  viz.,  harbors  at  Brito  and  Greytown. 

Unlike  the  construction  inland  of  these  Isthmian  routes, 
where  in  addition  to  the  enterprise  proper,  provision  has  only  to 
be  made  to  control  the  forces  of  nature,  as  expressed  during  oc- 
casional rainstorms  of  more  or  less  violence  and  volume,  the  har- 
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THE  WATER  WORKS  OF  COLUMBUS.  GA. 

By  Jacob  H.  Yocum,  Member  of  the  Club. 
Bead  April  4<A,  1885. 

The  City  of  Columbus  is  situated  in  the  western  central  por- 
tion of  the  State  of  Georgia  and  has  a  population  of  about  25,000. 

Various  surveys  of  all  the  sources  of  water  supply  surrounding 
the  city  were  made,  and  it  was  at  first  contemplated  to  locate  the 
works  about  four  miles  directly  north  of  the  city  and  compound 
one  of  the. feeders  to  the  Chattahoochee  River  on  what  is  called 
the  Clap  Farm,  and  build  a  reservoir  holding  from  120,000,000  to 
150,000,000  gallons  and  deliver  it  to  the  city  under  a  head  of 
108  ft.  through  a  12-in.  main,  and  then  distribute  as  needed 
through  various  size  pipe,  from  that  size  down  to  4-in.,  but  from 
various  causes  this  project  was  abandoned,  and  a  second  location 
procured  and  the  works  completed  as  they  now  are.  This  is  in 
a  northwestern  direction  from  the  city  and  in  the  State  of  Ala-  - 
bama,  on  what  is  called  the  McElvey  Farm,  and  which  covers 
the  site  of  an  old  mill  dam  constructed  many  years  ago,  but  ' 
which  was  destroyed  by  a  water  spout. 

This  site  involved  the  crossing  of  the  Chattahoochee  River 
directly  west  of  the  city,  about  800  ft.  wide,  and  which  w^  pro- 
posed to  be  done  by  a  submerged  main,  but  for  which  were  after-  ,' 
ward  substituted  two  9-in.  wrought  iron  pipes,  crossing  the  upper  ' 
bridge  of  the  city,  as  shown  by  plan  No.  1. 

The  Chattahoochee  was  investigated  as  a  source  of  supply,  but 
being  subject  to  heavy  freshets  and  highly  impregnated  wiUi , 
clay  at  all  seasons  of  the  year,  giving  it  a  yellow  appearance  and  - 
which  would  require  expensive  filters  to  get  it  in  a  drinkable 
state  and  heavy  machinery  to  pump  it  to  the  reservoirs  for  dis- 
tribution, it  was  estimated  to  be  more  costly  than  the  gravitation 
system  which  we  have  adopted. 

Among  the  hills  of  Alabama  we  found  the  water  pure  and  soft,! 
delivered  through  the  gravel  beds  and  a  gathering  ground  cover- 
ing over  twelve  square  miles,  which  would  give  us  when  allow-* 
ing  one-half  for  absorption  and  evaporation  a  daily  supply   of 
15,000,000  gallons. 
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The  first  reservoir  constructed  on  the  McElvey  Farm  was 
about  20,000,000  capacity,  and  was  made  by  throwing  a  stone 
dam  across  a  ravine  some  250  ft.  wide.  This  dam  was  built  in 
the  old-fashioned  style  (as  shown  in  drawing  No.  2)  of  stone 
blasted  from  the  reservoir  directly  back  of  it.  This  stone  was 
laid  in  lime  mortar.  The  front  of  the  dam  is  21  ft.  with  a  parapet 
wall  4  ft.  high  and  6  ft.  wide  running  over  the  top.  The  inside 
slope  is  two  to  one,  and  upon  it  was  placed  two  courses  of  brick 
in  hydraulic  cement. 

On  the  inside  of  the  reservoir  is  a  square  filter  house  16  ft. 
each  way,  in  which  is  a  filter  packed  with  charcoal,  and  from 
which  a  12-in.  main  is  laid  to  the  city  under  a  mean  gradient  of 
six-tenths  of  a  foot  to  every  hundred. 

Above  the  first  reservoir  is  a  second  constructed  by  throwing 
a  stone  dam  across  a  ravine  266  ft.  wide  and  covers  some  twenty 
acres  and  contains  about  100,000,000  gallons.  This  dam  is 
21  ft.  high  with  weir  100  ft.  wide  and  abutments  and  slope  walls 
at  each  end,  and  four  and  six  feet  dyke  walls  running  from  these 
each  way  to  fast  land. 

All  of  these  walls  are  built  with  stone  in  hydraulic  mortar, 
making  one  homogeneous  mass.  On  the  inside  and  outside  of 
these  dyke  walls  were  made  embankments  of  clay  and  gravel  in 
layers  of  about  4  in.  The  clay  being  placed  next  to  the  walls 
and  the  looser  material  outside,  and  each  course  tamped  when 
placed.  The  inside  slope  was  faced  with  spalls  from  the  quarries 
just  inside  of  the  reservoir,  and  the  outside  slope  was  covered 
with  black  earth  and  Bermuda  grass. 

The  entire  stone  work  of  dam  was  pointed  with  hydraulic 
cement,  and  every  loose  rock  removed  from  foundation,  and  all 
crevices  grouted  before  a  stone  was  laid,  and  we  have  the  pleas- 
ure of  securing  a  perfectly  tight  dam. 

By  referring  to  drawing  No.  2,  some  idea  may  be  obtained  of  the 
form.  It  is  square  built,  9  ft.  thick  with  the  top  face  at  a  distance 
of  3  ft.  back,  sloped  one  to  one,  and  on  this  slope  one  course  of 
brick  on  edge  are  set  in  hydraulic  cement,  and  on  the  top  is  a 
flooring  of  3-in.  pine  plank  fastened  to  heavy  square  timbers 
walled  in  and  anchored  with  heavy  bolts  to  the  stone  work. 

The  dam  is  fitted  with  three  gates  of  wood,  two  inside  and  one 


54  Yocum —  Water  Works  of  Columbus,  Oa,         [Proc.  Eng.  Club, 

outside;  the  inside  ones  being  telescopic.  The  upper  one  is 
used  to  supply  the  water  from  the  surface  of  the  reservoir  for 
drinking,  while  the  lower  one  is  to  be  used  only  to  empty  the 
reservoir.  These  gates  open  into  a  centre  passage  which  is 
guarded  by  the  outer  gate  and  leads  into  the  lower  reservoir. 

This  insures  the  aerating  the  water  when  passing  from  one 
reservoir  to  the  other,  the  same  as  when  it  passes  over  the  weir. 

The  land  .flooded  by  the  reservoirs  was  originally  a  forest  of 
timber  and  cane  with  the  water  breaking  its  way  through  them, 
and  this  was  all  felled  and  every  stump  and  vestige  of  timber 
grubbed  out  and  the  muck  removed,  leaving  the  sand  and  clay 
for  the  water  to  rest  upon  and  insuring  its  purity. 

The  supply  main  from  the  reservoirs  to  the  city  is  18,009  ft. 
long  and  12  in.  diameter.  When  it  gets  to  the  Chattahoochee  it 
is  divided  into  two  9-in.  wrought  pipes,  and  is  run  each  side  of 
the  bridge  underneath  the  floor  girders  and  then  unites  again 
on  the  city  side  to  a  12-in.  cast  iron  pipe  and  to  the  distribution, 
as  shown  by  drawing  No.  1,  composed  of  10,  8,  6  and  4-inch  cast 
iron  pipe,  which  are  fitted  with  the  Cassin  double  fire  hydrant 
and  the  necessary  stop  cocks. 

The  first  reservoir  is  115J  ft.  above  the  centre  of  the  city,  and 
the  second  130J  ft.  above. 

By  connecting  a  hose  to  the  fire  hydrant  a  one-inch  stream  can 
be  thrown  85  ft.  perpendicular,  and  in  the  opening  test  we  threw 
seven  streams  75  ft.  at  the  same  time. 

The  work  of  constructing  No.  1  reservoir,  the  12-in.  supply 
main  with  five  miles  of  distribution,  was  commenced  in  April, 
1882,  and  finished  on  the  26th  of  October  of  the  same  year. 

The  No.  2  reservoir  was  commenced  the  21st  of  January,  1884, 
and  finished  July  11th. 

It  is  proposed  to  lay  a  submerged  main  in  the  Chattahoochee 
this  year  and  do  away  with  the  9-in.  pipe  on  the  bridge. 

These  works  have  stood  a  drought  of  over  four  months  last 
year,  and  had  an  abundance  of  pure  good  water. 

Columbus  has  quite  a  large  manufacturing  interest,  and  has 
made  drafts  upon  our  works  beyond  our  expectations  for  so  short 
a  time.  We  have  looked  considerably  to  the  future  and  made 
surveys  for  a  large  reservoir  to  hold  some  400,000,000,  as  shown 
by  dotted  lines,  drawing  No.  1. 
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WILLIAM  LORENZ. 

Although  I  knew  the  late  William  Lorenz  well,  for  fourteen 
years,  and  many  of  my  friends  have  known  him  more  intimately 
for  a  much  longer  period,  yet  not  one  of  us  is  familiar  with  his 
personal  history.  His  modesty  and  reticence  would  not  allow 
him  to  dwell  upon  himself,  lest  he  might  annoy  his  friends  and 
acquaintances  with  matters  that  concerned  himself  only.  He^ 
was  born  in  Osnabriick,  in  the  Province  of  Hanover,  Germany, 
on  the  23d  of  December,  1826.  He  received  a  thorough  classical 
and  technical  education,  graduating  from  the  Polytechnic  College 
at  Hanover,  where  he  was  a  classmate  of  August  Ritter,  the 
writer  of  the  well-known  treatise  on  the  Theory  of  the  Construc- 
tion of  Roofs  and  Bridges. 

After  working  in  a  machine  shop  for  several  years,  making 
himself  familiar  with  the  actual  practice  of  mechanical  engineer- 
ing, Mr.  Lorenz  came  to  America,  on  a  leave  of  absence  from  the 
Hanoverian  Government,  to  study  the  method  of  railroad  con- 
struction in  this  country.  As  his  brother  was  then  already  es- 
tablished in  commercial  business  in  New  York,  he  had  no  diflS- 
culty  in  becoming  acquainted,  and  his  own  sterling  qualities  soon 
won  him  friends. 

Mr.  Lorenz  at  first  superintended  the  construction  of  some  loco- 
motives at  the  old  "  Novelty  Shops,"  but  very  shortly  after  his 
arrival  in  the  United  States  he  came  to  Philadelphia,  and  pre- 
sented his  letters  of  introduction,  one  of  them  to  the  late  Mr.  J. 
Tucker,  then  President  of  the  Philadelphia  and  Reading  Rail- 
road Company.  This  letter  procured  for  Mr.  Lorenz  a  position  as 
topographer,  on  the  Lebanon  Valley  Railroad,  the  location  of 
which  was  then  being  made,  and  from  that  day  until  his  death, 
on  the  29th  of  December,  1884,  he  remained  in  the  service  of  the 
P.  &  R.  R.  Co.,  being  its  Chief  Engineer  for  the  last  twelve  years. 

The  first  work  of  importance  given  to  Mr.  Lorenz  by  Mr.  J.  D. 
Steel,  then  Chief  Engineer  of  the  P.  &  R.  R.  Co.,  was  the  prepara- 
tion of  a  map  of  the  canals  and  railroads  for  transporting  anthra- 
cite coal  from  the  different  coal  fields  to  New  York.  This  map 
was  published  in  1856,  and,  on  account  of  its  great  accuracy,  is 
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to-day  the  basis  of  all  maps  subsequently  made,  embracing  that 
territory.  The  completion  of  this  map  necessitated  an  enormous 
amount  of  work  in  the  field  and  in  the  office,  and  all  of  it  was 
performed  under  Mr.  Lorenz's  direct  supervision,  or  by  himself 
personally.  As  he  was  an  accomplished  draughtsman,  and  very 
fond  of  drawing,  he  finished  the  whole  map  himself.  While  en- 
gaged in  the  anthracite  coal  field,  on  these  surveys,  he  frequently 
came  in  contact  with  parties  engaged  on  the  first  geological  sur- 
vey of  this  State,  and  valuable  and  great  was  the  assistance  he 
rendered  them;  so  much  so  that  his  help  was  officially  recog- 
nized and  rewarded. 

In  1861  Mr.  Lorenz  was  transferred  from  the  Pottstown  to  tlie 
Lebanon  Residency,  as  Engineer  of  the  P.  &  R.  R.  There,  the 
only  partially  developed,  enormous  and  valuable  ore-beds  of  the 
Coleman  Estate,  together  with  the  sudden  impetus  given  to  the 
iron  trade  by  the  Civil  War,  gave  Mr.  Lorenz  an  opportunity  to 
display  his  thorough  knowledge  of  geology,  mineralogy  and  me- 
chanics, and  to  make  it  of  practical  use  to  his  many  friends  in 
the  iron  business. 

He  designed,  located  and  constructed  the^spiral  railroad  around 
the  iron  mountain,  of  conical  shape,  at  Cornwall,  near  Lebanon, 
which  enabled  the  owners  to  mine  the  immense  masses  of  ores 
there  deposited  to  the  greatest  advantage  and  at  a  minimum  cost. 

In  1867  Mr.  Lorenz  first  introduced,  on  the  Lebanon  Valley 
Railroad,  the  pointed  safety  switch  which  now  bears  his  name, 
although  he  never  had  it  patented,  and  utterly  disclaimed  the 
idea  of  being  the  inventor  of  it.  He  had  known  the  switch  in 
Europe,  and  was  convinced  of  its  superiority  over  anything  in 
this  country,  and  with  the  permission  of  the  P.  &  R.  R.  Co.,  ho 
introduced  it  with  valuable  improvements,  on  the  road.  There 
is  no  doubt  Mr.  Lorenz  could  have  received  a  patent,  and  could 
have  made  much  money  by  it;  but  such  a  transaction  was  foreign 
to  his  nature,  and  I  am  sure  he  never  gave  it  a  thought. 

In  the  fall  of  1872,  after  the  death  of  Mr.  C.  E.  Byers,  Mr.  Lo- 
renz became  Chief  Engineer,  and  retained  that  position  until  his 
death. 

The  rapid  development  of  the  P.  &  R.  R.  R.  system  during  these 
years,  threw  upon  its  Engineering  Department  an  enormous 
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amount  of  labor,  requiring  good  judgment  and  a  technical  knowl- 
edge of  infinite  variety:  the  construction  and  maintenance  of 
railroads;  of  bridges,  depots  and  other  buildings;  of  wharves,  coal 
depots  and  grain  elevators;  of  ship-yards,  dry  docks  and  ocean 
piers.  All  of  the  plans  and  designs,  as  executed,  were  subject  to 
his  approval,  and  all  of  them  bear  the  stamp  of  his  knowledge 
and  skill. 

Every  member  of  his  large  staff  was  treated  by  Mr.  Lorenz,  at 
all  times,  with  impartial  courtesy  and  patience;  the  latter  virtue 
being  sometimes  carried  to  excess,  because  there  were  always  some 
men  ready  to  take  advantage  of  it  to  their  own  profit. 

Mr.  Lorenz  justly  enjoyed  the  complete  confidence  of  the  P.  & 
R.  R.  Co.,  as  his  sound  judgment,  expressed  only  after  calm  de- 
liberation— but  then  with  great  firmness — could  always  be  relied 
upon.  His  clear  mind,  stored  with  knowledge  acquired  by  years 
of  hard  study  and  by  constant  intercourse  with  prominent  men, 
was  aided  by  a  marvelous  memory,  which  enabled  him  to  retain 
all  he  ever  read  or  saw,  and  use  it  at  the  proper  moment.  But 
his  natural  modesty  and  calmness  covered,  to  a  great  extent,  his 
ability  and  learning  from  the  world,  only  to  come  out  so  much 
stronger  in  the  presence  of  those  familiar  with  him,  or  before 
those  who  had  retained  his  services. 

Socially  Mr.  Lorenz  was  the  kindest,  truest,  and  the  most 
genial  of  gentlemen.  He  would  never  sit  in  harsh  judgment 
upon  his  fellow-men,  although  his  honest  and  pure  life  made  him 
detest  sin  in  all  its  shapes.  He  had  numerous  and  sincere  friends, 
and  they  all  enjoyed  thoroughly  the  occasion  when  Mr.  Lorenz 
could  throw  aside  his  impenetrable  calmness  and  relate,  in  his 
own  and  thorough  way,  one  of  his  numerous  anecdotes,  always 
full  of  wit  and  never  offensive. 

The  death  of  his  eldest  son,  at  the  age  of  twenty,  some  three 
years  ago,  affected  Mr.  Lorenz  so  deeply  that  he  was  never  thor- 
oughly himself  again.  All  his  pleasures  and  hopes  seemed  to 
be  centred  in  that  boy,  who  was,  almost  in  everything,  like  his 
kind,  his  generous,  his  noble  father. 

Chas.  W.  Buchholz. 
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ARTHUR  ROBERT  FAUNT  LE  ROY 

Was  born  in  New  Harmony,  Indiana,  in  the  latter  part  of  1843 ; 
he  died  in  Milwaukee,  Wisconsin,  on  the  morning  of  December 
16th,  1884,  of  disease  of  the  heart.  He  was  the  youngest  son  of 
Robert  Henry  Faunt  Le  Roy,  of  Virginia,  who  was  distinguished  in 
the  service  of  the  United  States  Coast  and  Geodetic  Survey  for  his 
high  mathematical  attainments  and  great  mechanical  abilities. 
The  father  died  in  1850,  when  on  duty  in  the  triangulation  of 
the  coast  of  Texas. 

The  eldest  brother  of  the  family  died  in  the  service  of  the  Coast 
and  Geodetic  Survey  in  California  in  1859. 

Mr.  Faunt  Le  Roy's  mother  was  the  daughter  of  the  well-known 
philanthropist,  Robert  Owen,  of  New  Lanark,  Scotland,  who 
abandoned  his  immensely  lucrative  business  to  make  a  trial  of 
his  social  theories  in  America  in  1824. 

After  the  death  of  his  father  in  1850,  his  mother,  having  her- 
self been  educated  in  Scotland  and  in  Germany,  determined  to 
take  her  family  to  the  latter  country  to  receive  the  thorough 
groundwork  of  a  mathematical  education  for  the  two  sons  and 
music  and  languages  for  the  two  daughters.  The  family  being 
young,  traveled  under  the  protection  of  their  uncle,  Hon.  Robert 
Dale  Owen,  then  (1852)  appointed  Minister  to  Naples.  The  family 
settled  at  Stuttgart,  and  here  young  Faunt  Le  Roy  naturally  fell 
into  habits  of  study  as  well  as  reserve.  He  became  a  thorough 
German  and  French  scholar,  and  was  well-grounded  in  mathe- 
matics and  mechanics.  His  vacations  were  spent  by  the  brothers 
and  sisters  in  trips  through  various  parts  of  Europe,  and  when 
he  returned  to  the  United  States  in  five  years  he  appreciated  the 
need  for  practicable  application  in  the  workshop.  He  left  his 
home  and  placed  himself  in  one  of  the  largest  mechanical  work- 
shops in  Philadelphia,  pursuing  his  daily  labor  with  great  in- 
dustry and  interest.  After  returning  home  he  gave  much  time 
to  study  and  to  practical  work  on  the  stationary  engines  around 
the  country  and  the  engines  on  the  river  boats.  On  one  of  these 
boats  he  exhibited  his  presence  of  mind  and  promptness  of  action 
in  drawing  the  fires  when  in  a  position  of  great  danger,  and  was 
commended  for  his  coolness  and  courage. 
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Sometime  after  the  death  of  his  brother  he  was  appointed  by 
Prof.  Bache  as  an  aid  on  the  U.  S.  Coast  and  Geodetic  Survey,  and 
during  the  Rebellion  Re  did  service  in  the  examination  of  the 
channels  and  approaches  to  Wilmington,  Charleston,  Savannah, 
etc.  At  the  latter  place,  when  reconnoitring  with  an  unarmed 
boat's  crew  in  thick,  hazy  weather,  he  suddenly  came  upon  a 
large  schooner  coming  out  of  one  of  the  (to  us)  unknown  chan- 
nels leading  from  the  Savannah  River.  lie  promptly  rushed  his 
boat  for  the  vessel.  Her  crew  left  her  on  one  side  as  he  and  his 
men  clambered  up  the  other  and  held  her  as  a  prize. 

At  the  close  of  hostilities  he  was  engaged  in  the  dangerous 
duty  of  searching  the  different  channels  for  torpedoes. 

In  a  short  time  after  this  he  remained  at  Germantown  with 
his  brother-in-law,  Prof.  George  Davidson,  then  on  special  duty, 
and  in  order  to  fit  himself  for  the  highest  branches  of  civil  en- 
gineering, he  obtained  leave  of  absence  and  devoted  himself  to 
the  mathematics  of  mechanics,  especially  as  applied  to  hydraulics, 
and  railroad  and  bridge  building.  Several  tempting  offers  failed 
to  draw  him  away  from  his  self-prescribed  plans,  and  when  they 
were  completed  he  received  a  position  as  an  Assistant  Engineer 
on  the  Philadelphia  and  Reading  Railroad  Company,  and  by  his 
ability  and  integrity  won  the  highest  confidence  and  esteem  of 
the  officers  of  that  great  corporation.  In  every  emergency  that 
arose  he  was  ever  prompt,  ready  and  successful  in  the  practical 
direction  and  execution  of  all  repairs  and  replacements  in  the 
largest  damages.  In  1873  he  was  intrusted  by  them  with  the 
construction  of  their  immense  coal  dej)ots  along  the  northern 
Atlantic  seaboard  ports.  In  these  works,  where  he  was  not  only 
the  designer  and  superintendent  of  construction,  but  also  tlie  dis- 
burser  of  enormous  sums  of  money,  his  health  began  to  fail. 

After  taking  a  year's  rest  he  again  engaged  in  railroad  and 
bridge  engineering  and  construction  on  the  St.  Louis  and  South 
Eastern  Railway  (now  the  Louisville  and  Nashville),  building, 
notably,  the  bridge  over  the  Wabash,  which  has  been  pronounced 
by  competent  authority  one  of  the  safest  and  most  substantial 
wooden  bridges  on  the  Continent.  It  is  said  that  this  was  the 
only  bridge  that  withstood  the  great  freshets  when  very  many 
others  were  carried  away  in  the  same  region. 
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He  was  frequently  offered  leading  and  important  positions, 
but  he  never  would  accept  one  when  his  duty  as  a  constructor, 
especially  of  bridges,  would  be  hampered  or  jeopardized  by  the 
interference  of  higher  officials  or  contractors. 

With  failing  health  he  sought  some  relief  from  the  exposure 
of  field  work,  where  the  heaviest  duties  came  at  inclement  sea- 
sons, and  hence  for  several  years  he  was  engaged  under  General 
Weitzel,  of  the  United  States  Corps  of  Engineers,  with  Mr.  Powers, 
in  the  construction  of  the  magnificent  locks  at  Sault  St.  Marie. 

With  his  thorough  mathematical  and  mechanical  training, 
both  theoretical  and  practical,  we  should  have  heard  much 
more  of  his  work,  had  he  possessed  a  robust  constitution.  So  far 
as  we  can  gather  from  his  extensive  range  of  professional  friends, 
he  never  made  a  mistake  in  his  work.  The  text-books  of  his 
earlier  studies  are  marked  throughout  with  corrections  to  the 
fornxulse,  or  with  simplifications  for .  practical  application.  This 
thoroughness  was  a  trait  of  both  his  father  and  mother;  the 
former  when  a  young  man  had  mastered  the  whole  of  Young's 
mathematical  course,  involving  the  differential  and  integral  cal- 
culus, etc.,  without  a  teacher  or  adviser. 

Mr.  Faunt  Le  Roy  was  quiet,  reserved  and  studious;  singularly 
pure  and  high  minded  in  character.  Only  in  the  society  of  very 
intimate  and  cherished  friends  did  he  show  what  his  powers  were. 
In  the  social  circle  he  sometimes  "  came  out  of  his  shell,"  as  his 
confreres  expressed  it,  and  then  his  conversation  sparkled  with 
wit  and  the  driest  and  drollest  humor,  coming  back  quickly  to 
grave  applications  which  exhibited  his  keen  mental  culture  and 
vision.  He  had  won  the  confidence  and  the  respect  of  his  asso- 
ciates, both  superiors  and  subordinates,  by  his  unswerving  up- 
rightness and  justice;  by  his  courteous  appreciation  of  the  ca- 
pacity of  others,  and  by  his  gentleness  of  manner.  Letters  from 
very  many  of  hia  friends  from  all  parts  of  the  country  where 
he  had  labored  testify  to  the  esteem  and  affection  in  which  he 
was  held,  and  the  urgency  of  several  of  them  has  compelled  the 
writing  of  this  brief  and  insufficient  memoir. 

For  some  months  before  his  death  he  had  been  at  work  in  the 
office  of  Mr.  D.  J.  Whittemore,  Chief  Engineer  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway,  and  although  we  were  aware 
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of  the  frailty  of  his  health,  he  never  uttered  a  word  of  warning 
that  he  was  seriously  affected.  The  affection  of  those  around 
him  was  very  touching,  and  one  who  had  known  him  intimately, 
wrote  that  *'he  has  left  a  character  without  a  blemish." 

After  a  short  service  at  Milwaukee,  which  was  attended  by  the 
friends  and  employes  of  the  Engineering  Department  of  the 
Chicago,  Milwaukee  and  St.  Paul  Railway  in  a  body,  the  Rev. 
Dr.  Runcie,  Rector  of  Christ  Church,  St.  Joseph,  Missouri,  brother- 
in-law  of  the  deceased,  accompanied  by  an  escort  of  honor  from 
the  Engineering  Department,  started  for  the  family  burial  place 
in  New  Harmony,  where  services  were  again  held,  and  the  whole 
town  closed  their  doors  and  bore  the  body  of  their  beloved  towns- 
man to  place  it  by  the  side  of  his  father,  mother  and  brother. 

Mr.  Faunt  Le  Roy  was  within  a  few  days  of  his  forty-second 
birthday  and  was  never  married.  E.  D. 

San  Francisco,  Cal.,  1885. 


DAVID  HUDSON  SHEDAKER 

Was  bom  in  Philadelphia,  June  9th,  1823,  and  received  his  early 
education  in  the  schools  of  his  native  city. 

In  the  construction  of  the  Pennsylvania  Railroad,  1847-50,  he 
was  employed  successively  as  chainman,  rodman  and  assistant  en- 
gineer, and  in  the  latter  year  was  appointed  engineer  in  charge 
of  the  widening  of  the  Susquehanna  River  Bridge  at  Columbia. 
In  1850-51  he  had  charge  of  the  drainage  and  sewerage  of  Phila- 
delphia (old  city).  1851-53  he  was  Chief  Engineer  in  the  con- 
struction of  the  Chester  Valley  Railroad.  In  1853  was  appointed 
assistant  to  the  Resident  Engineer,  Pennsylvania  Railroad,  leav- 
ing that  to  become  Assistant  City  Surveyor  of  Philadelphia  (old 
city).  Under  the  act  consolidating  the  City  of  Philadelphia,  he 
was  elected  by  Councils  as  one  of  the  Surveyors  and  assigned  to 
duty  in  the  First  Survey  District.    He  served  in  this  position  but 
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one  month  on  account  of  a  change  in  the  law  governing  the  elec- 
tion of  surveyors.  From  that  time  he  was  engaged  in  his  pro- 
fession as  engineer  and  surveyor  in  various  localities,  until  1857, 
when  he  was  called  upon  to  take  charge  of  the  Third  Survey 
District.  In  May,  1860,  he  was  elected  by  the  people  as  the  Sur- 
veyor of  that  District  and  was  subsequently  re-elected  in  18G5, 
1870, 1875  and  1880,  for  periods  of  five  years  each.  During  this 
time  he  was  engaged  in  various  works  outside  his  duties  as  sur- 
veyor; being  the  Engineer  of  the  Girard  Estate  in  the  City  of 
Philadelphia,  continuously  since  1870.  He  w^as  also  the  Engineer 
in  charge  of  the  construction  of  the  River  Front  Railroad.  lie 
died  on  Thursday,  February  5th,  1885.  Mr.  Shedaker  was  thor- 
oughly in  love  with  his- work;  he  was  more  of  the  practical  than 
the  theoretical,  yet  was  not  wanting  in  the  necessary  theory. 
To  discharge  the  duties  of  the  office  of  Surveyor  of  the  Third 
District,  embracing,  as  it  does,  the  old  city,  where  are  located  the 
most  valuable  properties,  required  a  man  of  good  sound  judgment, 
with  a  knowledge  of  the  laws  and  decisions  relating  to  property 
lines.  Standing  as  he  did  as  umpire  between  the  various  parties, 
he  was  obliged  to  study  well  the  case,  as  his  decision,  if  wrong, 
might  be  productive  of  tedious  and  expensive  litigation.  How 
well  he  performed  his  duties  and  with  what  satisfaction  to  the 
people,  is  evidenced  by  his  election  and  re-election  for  four  suc- 
cessive terms.  He  was  warm  in  his  friendsliip,  kind  and  cour- 
teous in  his  intercourse  with  his  fellows,  honest  and  upright  in 
all  his  dealings,  a  good  citizen  and  a  kind  friend.  He  has 
finished  his  work  and  gone  to  his  rest.     Peace  to  his  ashes. 

John  H.  Dye, 

Jas.  R.  McClure,  V  Committee, 

Jos.  Johnson, 
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FROGS  AND  SWITCHES. 

BoBHT  P.  aiKtvnili,  NoTsmber  lStti,lSg4. 

The  number  of  a  frog  is  the  altitude  of  an  isosceles 
triangle,  whose  vertical  angle  ia  the  frog  angle  aud  whose 
base  is  unity. 
Fio.  1. 

o  In  Fig.  1,  if  .ADC  =  frog  angle,  then 

"=  1   '''®  ^''■'"'^^  ^^  '^  'he  number  of  frog. 
g,_^The  side  AD  is  sometimes  inc<)rrcctly 
taken  ne  the  number  of  frog. 

Some  of  the  following  formulas  are  common  property, 
for  others  I  am  indebt*!d  to  >fr.  J,  A.  Anderson,  Supt. 
Belvidere  Division,  Pennsylvania  Railroad,  and  others  are 
my  own. 

Fio.  2.  n  =  number  of 

"''  ■   ■  frog. 

m  CA  T=  g  -^  gai'K^- 

£0  =  i;  =  radius  of 

centre  line. 

I  CJ  ^  5  =  distance  lie- 

twcen  gauge 
lines. 

B  D^E=W  =  S-\-g=>\\ii- 

tance  be- 
tween cen- 
tre lines. 

CF     =  D  ^  frog  distance  or  lead. 

TTi    =  (   =  tangent  between  frogs. 

LNi   =j[>i=  distance  or  lead  to  crotch  frog. 
ti ,  =^  number  of  crotch  frog. 
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(1)  I>  =  2  gn. 

(2)  =  VlTx-Ig 

(3)  R—2gn' 

(4)  =nD 

_D* 

"2? 


(5) 


(6)  9  =  2^ 

(8)  ^D  =  gn 

(10)  i>£=  Tr('*-+-i) 

(11)  2)Z)i=rp-;pi) 

(12)  T^i  = «  =  W  ("*-—)  —  2  jw 

(13)  -BjB'=  W  (— -^}  +  2  5w 

(14)  y=r("---i)-2j7n 

(15)  D^=gx/2n*'+i 
(16) 


«» 


/t-l     = — =-       • 

(17)  n,  =:=  ^-^2^-^  ^PProx. 

(18)  ?ii  =  J  n  |/2'  =  j/FTi^  =  .707  n  approx. 

(19)  Frog  number  at  X  for  X  crossing  =  — ^ 

W  an* 

(20)  Its  distance  from  nearest  gauge  =  -^ a    i_^ 

Proi^  and  A  witches— Pise  B. 
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Fio.  4- 

OB    =R 

0,B  =  R, 

Frog  number  BJt  N    ^n 

N,  =  n, 

if,  =  n, 

(2)  i)Jf,  =— ! ^-j^-^; ¥- 

(3)  Arc  Cff,  =^  2  y»,  approx. 


C4)«, 


V^ 


®  "■  =  -JsksSq  "pp"^-  =  V»'>'s7'  ••'P'"- 
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There  are  several  points  that  should  be  considered  when 
putting  in  switches.  Theoretically,  the  lead  for  say  a 
No.  8  frog  is  76  feet.  Practically,  it  should  be  less  than 
this  when  using  any  other  than  a  stub  switch.  The  thick- 
ness of  the  point  of  a  switch  is  always  appreciable.  Say 
it  is  one-quarter  inch,  then  the  point  of  the  switch  should 
be  set  back  of  the  theoretical  point  5  feet  as  given  by  the 
formula* 


substituting  for  g,  the  width  of  the  point  of  switch.  For 
No.  10  frog,  this  distance  will  be  6.29  feet,  and  for  No.  12 
frog,  7.5  feet  if  the  point  be  one-quarter  inch  thick. 

The  heel  of  the  switch  should  not  be  set  closer  to  main 
rail  than  3  inches.  Now,  then,  if  a  longer  frog  than  No. 
12  be  used,  the  lead  should  be  composed  of  a  curve  of 
1,368  feet  radius  (corresponding  to  a  No.  12  frog)  and  a 
tangent  through  the  frog. 

Fig,  6. 


Find  ABhy  formula  =  gn, 

Then  CA  =  AB  =  :?_(=i?5§)  and  C  and  i>  are  the 

2  n 

tangent  points  of  the  curve.     The  part  DiF  of  lead  is  a 

tangent. 

For  example,  take  a  No.  20  frog.     CjJ?  would  be  the 

Frogs  and  Switehcs— Pkge  D. 
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lead  by  formula  D  =  2  gn,  but  in  practice  it  will  be 
found  to  be  impossible  to  make  a  good  lead  if  we  put  the 
switch  80  far  back,  consequently  we  should  compound  the 
curve,  or,  better,  make  part  a  curve  and  part  a  tangent, 
as  follows : 

AB  =  gn  =  4.75  X  20  =  95 

C4  =  ^i>  =  ^?-^^-^^=  ^J^  =  34.2. 

2  n  40 

From  point  of  switch  to  point  of  frog  95  +  34.2  =  1 29.2. 
But  the  point  of  switch  should  be  set  back  on  account  of 
thickness  of  point.  If  one-quarter  inch  thick,  the  formula 
gives  7.5  feet. 

D  =  y'R  x2g  =  i/1368"x^  =  7.5  feet, 
then  129.2  —  7.5  =  121.7  =  actual  frog  distance. 

The  above  formulae  may  be  used  in  several  ways.  For 
instance,  instead  of  laying  off  lead  by  eye  as  is  generally 
done,  of&ets  for  points  on  curve  may  be  found  by  formula 

g  =  --—  making  D  =  distance  from  origin  of  curve  to 

point  where  offset  is  desired. 

If  it  be  desired  to  find  the  point  where  a  curve  shall 
originate  to  become  parallel  with  tangent  at  a  given  dis- 
tance from  it,  the  formula  D  =  |/jB  x  2^9  ^^^  ^  ^^^^ 
making  2  g  =  distance  between  parallel  tangents,  D  will 
be  the  distance  along  tangent  to  a  point  opposite  reversing 
point  and  2  D  will  be  distance  to  point  opposite  tangent 
point  on  parallel  tangent.  There  will  be  no  short  tangent 
between  curves  in  this  case. 

It  is  well  to  remember  in  running  curves  that  the  square 
root  of  the  radius  in  feet  is  the  length  of  a  chord,  whose 
deflection  is  one  foot. 


FroffB  and  SwltohM— Page  K. 
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FORMUL>E  FOR  TWO  SIDES  AND  INCLUDED  ANGLE 
WHERE  LOGS.  ARE  USED  INSTEAD  OF 

DISTANCES. 

8  C.  HcCoRKLK,  Jaly,  1885. 

45° —  tangent  (a  —  6)  =  a. 

Tangent  a  -|-  cotangent  1  C7  =  tangent  X. 
X  +  (J  0—90°)  =  larger  angle. 
X  —  (i  C— 90°)  =  smaller  " 


Examples. 

Log.  (6)  3.384802 
"     (a)  3.855382 
Tangent  9.529420  =  18°41'43".5 


a 

o    /   // 

0   /   // 

<  2)  147  58  34.16 
i  G      73  59  17.1 

45  00  00.0 
18  41  43.5 

—90  00  00.0 

26  18  16.5  a 

i  C— 90°  16  00  42.9 

8  04  26.4 

7  56  16.5  — 
24  05  09.3  + 

Tangent  a         9.694017 
Cotangent  i  C  9.457837 

9.151854 

Tan. 

8°04'26".4 

// 


<  at  C  147  58  34.16,  observed. 
B  24  05  09.3,  computed. 
A      7  56^5, 

180  00  00.0 

Tbe  sbape  of  tbe  triangle  is  immaterial,  although  in 
computing  the  distances  a  right  aiigle,  or  equilateral  tri- 
angle is  best. 

The  above  is  not  original. — S.  C.  McC. 
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NOTES  AND  COMMUNICATIONS. 


A  PORTABLE  STORAGE  BATTERY  FOR  MINING  AND 

EXPLORING  PURPOSES. 

Begulab  Meetiko,  October  18th,  1884.— Mr.  C.  Henry  Roney  showed  a 
battery,  with  small  incandescent  lamps,  illostrating  his  remarks  with  blackboard 
sketches.  The  battery  shown  was  a  modification  of  Plenty's,  devised  by  Dr.  E.  T. 
Starr,  of  Philadelphia,  the  electrodes  consisting  of  V  shaped  plates  of  sheet  lead 
arranged  over  each  other,  the  convexity  downwards,  with  a  slight  interval  between 
them,  their  ends  attached  to  a  lead  frame  by  ''burned"  joints,  the  interstices  between 
the  plates  being  filled  with  finely  divided  metallic  lead,  exposing  a  large  surface  to 
oxidation  and  reduction  when  subjected  to  dynamic  electric  or  voltaic  energy,  and, 
in  turn,  giving  ofif  a  large  percentage  of  the  ''stored"  energy  to  incandescent  lamps 
placed  in  the  circuit  The  battery  shown  measured  Si  inches  long,  2}  inches  high, 
and  }  inch  thick,  and  would  maintain  a  small  two-candle  incandescent  lamp  at  in- 
candescence for  about  one  hour.  A  battery  sufficiently  large  to  run  an  eight-candle 
lamp  for  ten  or  twelve  hours  would  not  be  too  large  or  heavy  to  carry  conveniently 
for  mine  or  other  underground  exploration. 


AN  INDICATOR. 


Requulr  Meeting,  CkrroBEB  18th,  1884.— Mr.  Wm.  L.  Simpson  exhibited  and 
described  the  Thompson  indicator.  He  considers  it  handsome  in  design,  and  conveni- 
ent and  simple  in  arrangement  Cards  can  be  taken  with  it  at  as  high  a  pressure  as 
500  lbs.  per  square  inch.  All  the  moving  parts  are  made  very  light  and  strong,  which 
is  a  consideration  of  much  importance  in  an  indicator,  especially  when  used  on  engines 
traveling  at  a  high  rate  of  piston  speed.  The  coiled  spring  within  the  paper  cylinder, 
for  increasing  or  decreasing  the  tension  for  different  speeds  of  engines,  is  so  arranged 
that  as  little  or  much  of  it  can  be  taken  up  as  may  be  desired.  This  b  quite  an  im- 
provement, as,  formerly,  a  whole  coil  of  the  spring  had  to  be  taken  up  or  none  at  all. 
By  means  of  a  jamb-nut  the  horn  handle  screw  can  be  set  so  as  to  regulate  the  press- 
ure of  the  pencil  on  the  paper,  the  back  of  the  screw  touching  against  a  small  post 
and  thus  avoiding  any  strain  tending  to  throw  the  parts  out  of  line  through  too  much 
pressure.  To  exchange  springs  is  very  easy,  it  only  being  necessary  to  unscrew  the 
milled  nut  at  the  top  of  the  steam  cylinder,  take  out  the  piston  with  its  arm  and  con- 
nections, disconnect  the  lever  and  piston  by  unscrewing  the  small  knurled-headed 
screw  which  connects  them,  when  the  spring  can  be  removed  from  the  piston  and  the 
desired  one  substituted. 

All  springs  made  for  this  indicator  are  scaled,  providing  for  30  inches  vacuum ;  and 
the  capacity  of  any  spring  can  be  ascertained  by  a  simple  rule.  To  adapt  the  Thomp- 
son indicator  to  all  pressures,  springs  can  be  made  to  any  desired  scale.  The  follow- 
ing are  the  most  generally  used:  8,  10,  12, 16,  20,  24,  30,  32,  40, 48,  50,  56, 60,  64,  80, 
100.  For  pressures  from  65  to  85  lbs.  a  40  lb.  spring  is  best  adapted,  for  as  40  lbs. 
pressure  on  a  40  lb.  spring  will  raise  pencil  one  inch,  85  lbs.  pressure  on  the  same 
spring  will  raise  pencil  about  two  inches,  which  is  the  usual  height  of  a  diagram. 


70  Notes  and  Oommunioations,  [Froc.  Eng.  Club, 

By  means  of  the  ''detent  motion/'  consisting;  of  a  pawl  and  spring  stop,  the  paper 
cylinder  can  be  stopped  and  the  card  taken  off  without  unhooking  the  connecting  cord. 
An  arrangement  of  a  swivel  carrying  a  scored  wheel  allows  the  connecting  cord  to  be 
run  at  any  angle,  so  that  it  is  possible  to  connect  with  any  motion,  of  whatever  kind, 
wherever  it  may  be. 

FIRE  PROTECTION  IN  MILLS. 

Reouuir  Meeting,  October  18th,  1884. — W.  Bugbee  Smith  presented  notes 
upon  this  subject.  Mills  must  be  properly  built  and  furnished  with  adequate  fire  ex- 
tinguishing apparatus.  The  best  construction  has  been  found  to  consist  of  heavy 
wooden  posts  and  girders,  solid  plank  floors  and  roof.  The  usual  fire  extinguishing 
apparatus  consists  of  water  buckets,  hydrants  and  hose.  In  addition  to  this  some 
mills  are  furnished  with  perforated  sprinkler  pipes,  running  lengthwise  through  the 
mill,  perforated  with  holes  -f^  inch  diameter  and  about  nine  inches  apart.  In  case  of 
a  fire,  by  opening  a  valve  outside  of  the  building,  water  is  let  into  the  pipes  and  on 
the  fire.  The  objection  to  this  system  is  the  fact  that  the  water  is  not  confined  to  the 
spot  where  the  fire  occurs,  but  is  distributed  over  such  a  large  area  that  much  damage 
is  done  by  it.    It  also  requires  human  agency  to  make  it  effective. 

To  overcome  these  objections  automatic  sprinklers  have  been  invented.  These  are 
valves,  placed  on  a  system  of  pipes  near  the  ceiling  and  opened  by  the  heat  of  the  fire. 
They  are  kept  closed  by  means  of  a  fusible  solder  which  melts  at  about  166°  Fahr. 
The  heat  rising  from  a  fire  melts  the  solder  joints  of  the  sprinkler  immediately  over 
it,  and  thus  the  water  is  pnt  just  where  it  is  needed. 

There  are  two  general  classes  of  automatic  sprinklers,  the  sealed,  such  as  the  Par- 
melee,  Burritt,  Rose  and  Bishop;  and  the  sensitive,  such  as  the  Grinnell,  Burritt, 
Brown  &  Hall,  and  the  Kane.  After  describing  the  methods  of  piping  a  mill  for  each 
of  the  classes,  samples  of  the  above  mentioned  sprinklers  were  exhibited  and  their 
peculiarities  explained. 

The  automatic  sprinklers  have  been  in  use  about  twelve  years,  and  recent  tests  show 
that  the  fusible  solder  has  not  lost  its  strength  and  sensitiveness  in  that  length  of  time, 
though  exposed  to  pressure  and  water  hammer. 

The  effectiveness  of  automatic  sprinklers  as  fire  extinguishers  is  shown  by  the  fact, 
that  out  of  110  fires  originating  under  them  and  of  which  the  damage  is  known,  for  67, 
or  60.9  per  cent,  of  the  whole  number,  no  damage  was  claimed;  for  12,  or  10.9  per 
cent.,  the  damage  was  less  than  $250;  for  8,  or  7.2  per  cent.,  between  $250  and  $500; 
for  11,  or  9.9  per  cent.,  between  $500  and  $1,000;  for  12,  or  10.9  per  cent.,  between 
$1,000  and  $20,000. 

The  Secretary  exhibited,  for  Mr.  S.  L.  Smedley,  a  photo-lithographic  reproduction 
of  a  topographical  Map  of  Philadelphia,  by  John  Hills,  1796,  and  pointed  out  some 
of  the  remarkable  evidences  of  its  great  accuracy  in  detail. 


MR.  WILLIAM  ASTOR'S  STEAM  YACHT. 

Beoulab  Meeting,  November  15th,  1884. — Mr.  John  Ilaug  presented  a  descrip- 
tion, illustrated  by  drawings  and  test  specimens,  of  Mr.  William  AstoFs  new  Steam 
Yacht,  the  first  sea-going  steamship  built  of  steel  in  this  country.  She  is  235  ft 
long  on  load  water  line,  30  fl.  beam,  and  20  ft.  deep,  and  has  two  complete  decks  of 
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\  in.  steel  plates.  Her  machinerj  consists  of  a  compound  engine  with  cylinders  34 
and  60  ins.  diameter  and  36  ins.  stroke,  siipplied  with  steam  of  85  lbs.  pressure  bj  four 
oval  boilers  built  of  steel,  and  having  170  sq.  ft.  grate  surface  and  4200  sq.  ft  heating 
surface.  Her  hull  and  machinery  have  been  arranged  according  to  Lloyd's  rules  for 
a  class  of  100  A  1,  and  she  has  been  specially  surveyed  while  building.  Lloyd's  rules 
for  steel  vessels  require  a  material  having  a  tensile  strength  of  not  less  than  27  nor 
more  than  31  tons  per  sq.  in.,  having  an  extension  of  not  less  than  16^  in  a  uniform 
length  of  8  ins.  Steel  of  greater  tensile  strength  has  been  found  proportionately  defi- 
cient in  ductility.  The  plating  for  the  above  vessel,  supplied  by  the  Danville  Iron 
and  Steel  Company,  of  Danville,  Pa.,  was  found  to  be  of  very  good  quality,  the  tensile 
strength  varying  from  62,000  to  72,000  lbs.  per  sq.  in.,  the  extension  (in  8  ins.  length) 
from  20  to  24^  as  shown  by  several  samples.  Some  samples  showed  as  high  as 
90,000  lbs.  tensile  strength,  but  the  extension  was  only  6  to  10^,  rendering  it  unfit  for 
use.  The  steel  for  the  boilers  was  also  of  superior  quality ;  one  test  piece,  cut  diago- 
nally from  a  plate,  showed  no  difference  from  others  cut  lengthwise.  A  test  piece 
with  punched  hole  broke  at  57,000  lbs.,  while  one  with  a  drilled  hole  broke  at  61,000 
\h^  showing  less  difiTerence  than  is  generally  supposed.  Some  pieces,  bent  double, 
after  having  been  heated  and  quenched  in  water,  showed  a  remarkable  softness  and 
ductility.  The  material  for  the  frames  and  beams  of  this  vessel  was  supplied  by  the 
Pencoyd  Iron  Works,  and  fulfilled  the  requirements  of  the  rules,  as  shown  by  numer- 
ous test  pieces. 


THE  STEAM  YACHT  "  MAGNOLIA." 

Reoulab  Meeting,  November  15th,  1884.— Mr.  Fairman  Rogers  described  his 
Steam  Yacht  "Magnolia,"  built  in  1882,  by  the  Herreshoff  Manufacturing  Company, 
Bristol,  Rhode  Island.  The  following  condition^  were  required  to  be  fulfilled  in  her 
design:  Light  draft,  not  more  than  4  ft.,  length  and  breadth  such  as  to  enable  her  to 
pass  through  the  Erie  Canal  locks,  which  are  100  x  18  ft.,  flat  floor,  large  accommo- 
dations for  cruising  and  for  a  long  residence  of  the  owner's  family  on  board,  flush 
deck,  no  projection  of  steam  drums,  etc.,  above  deck,  except  the  smoke-stack.  Low 
speed,  not  less  than  8  miles  per  hour.  Minimum  head  room  below,  6  ft.  6  ins. 
Adapted  specially  for  inland  cruising  along  the  Atlantic  coast.  She  turned  out  to  be 
entirely  satisfactory.  Her  ordinary  speed  is  10  miles,  maximum  11}  miles.  She  has 
twin  screws  36  ins.  diameter;  50  ins.  pitch,  two  compound  condensing  engines,  6  ins. 
and  10}  ins.  x  10  ins. — 45  lbs.  steam,  270  turns  per  minute.  Two  flat  coil  square 
boilers.  Entire  motive  power  weighs  five  tons.  Consumption  of  coal  (anthracite) 
165  to  200  lbs.  per  hour.  Carries  15  tons.  She  is  schooner  rigged  and  sails  six  knots 
dragging  her  screws.  Bent  oak  frames,  3  ins.  x  3  ins.;  yellow  pine  planking,  2S  ins.  i 
white  pine  deck,  2  ins.;  mahogany  rail  and  deck  fittings. 


DRAWING  BOARDS. 

Reoulab  Meeting,  November  15th,  1884.— Mr.  Theodore  Bergner,  introduced 
by  the  Secretary,  exhibited  his  designs  for  Drawing  Boards.  Its  parallel  ruler,  which 
extends  across  the  face  of  the  board,  is  guided  by  means  of  an  endless  cord,  stretched 
crosswise  over  four  little  grooved  pulleys  provided  at  the  corners  of  the  board.    He 
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stated  that  eztensive  use  for  years  has  fully  demonstrated  its  thorough  reliability, 
even  under  the  most  adverse  circumstances.  The  two  portions  of  the  crossed  endless 
cord  which  run  parallel  with  two  opposite  edges  of  the  board,  always  move  in  the 
same  direction ;  this  equal  direction  and  amount  of  movement  is  imparted  to  the 
blade,  both  ends  of  which  are  clamped  to  the  cord.  The  parallelism  thus  obtained  is 
not  dependent  upon  the  condition  of  the  board.  The  ruler  can  be  easily  detached, 
and  any  required  degree  of  inclination  in  either  direction,  g^ven  to  it,  by  securing  its 
two  clamps  to  the  cord  at  the  relative  points  for  the  desired  angular  position  of  the 
ruling  edge.  End  play  of  the  ruler  is  admissible,  and  it  may  be  moved  by  the  hand 
at  any  point.  This  system  is  applied  both  to  boards  for  table  use  and  to  upright 
boards,  which  latter  are  often  preferred  for  hygienic  and  technical  reasons. 


A  TRANSIT  ROD. 


Regular  Meetiko,  Novembeb  15th,  1884. — ^Mr.  Allen  J.  Fuller  exhibited  a 
new  form  of  Transit  Bod,  which  is  made  so  that  the  point  of  the  shoe  is  in  the  same 
plane  as  the  face  of  the  rod.  There  is  an  opening  through  the  rod,  from  about  9  ins. 
above  the  point  of  the  shoe  to  a  height  of  6  or  7  ft.  At  the  top  of  this  opening  and 
on  the  face  of  the  rod,  is  suspended  a  plumb-line,  which  hangs  across  a  marked  cross- 
piece  near  the  lower  end  of  the  opening.  The  plumb-line  indicates  when  the  rod  is 
plumb,  after  which  it  may  be  fastened  to  a  hook  on  the  under  side  of  the  cross-piece 
to  prevent  oscillation  by  the  wind.  The  transitman  sights  to  this  line,  which,  with 
the  dividing  line  on  the  face  of  the  rod,  forms  a  right  line  throughout  its  length,  per- 
pendicular to  the  point  over  which  it  is  set  The  rod  is  provided  with  short  stay- 
chains,  attached  to  pins,  for  driving  in  the  ground,  that  will  hold  it  when  set  over  a 
tack  centre  or  stone  monument.  It  is  also  designed  to  be  used  instead  of  plumb-bobs 
in  taking  horizontal  measurements  with  the  tape-line,  to  save  time  and  insure  greater 
accuracy. 

REMOVING  ANI>  REBUILDING  A  STAND  PIPE. 

Regular  Meeting,  November  15th,  1884. — Mr.  W.  Bugbee  Smith  described, 
with  illustration,  the  method  of  removal  of  the  West  Philadelphia  Stand  Pipe,  which 
was  taken  down  in  1881,  and  the  masonry  and  ornamental  cast-iron  work  used  in  the 
construction  of  the  Spring  Garden  Stand  Pipe.  The  new  pipe,  which  is  of  the  same 
general  design  as  the  old,  is  5  ft.  in  diam.  and  156  ft.  6  ins.  high,  being  20  ft.  higher 
than  the  old.  The  lower  53  ft.  were  of  f-jn.  iron ;  the  middle  60  ft,  of  tV^"*  iroHf 
and  the  upper  53  ft.  of  |^-in.  iron.  The  longitudinal  seams  for  the  first  53  ft.  were 
double  riveted ;  all  other  seams  single  riveted.  The  bottom  sheet  was  double  riveted 
to  a  cast-iron  flange.  The  weight  of  the  pipe  and  flange  was  about  16  ions.  The  pipe 
was  erected  in  one  piece,  by  means  of  two  poles,  one  on  each  side  of  the  pipe,  and  was 
then  lowered  about  6  ft.,  and  bolted  to  the  top  of  the  base  casting.  This  operation 
took  about  1  h.  40  m.  The  base  casting  is  5  ft.  diam.,  5  ft.  3  ins.  high,  and  receives 
the  36-in.  inlet  pipe  on  one  side.  It  is  secured  to  the  foundation  masonry  by  four 
2}-inch  bolts,  which  are  keyed  on  the  under  side  of  large  plates  below  the  masonry. 
When  the  pipe  had  been  secured,  the  ornamental  masonry  was  built  about  it,  to  the 
height  of  37  feet.  To  erect  the  ornamental  iron  work,  which  consists  of  columns  in 
10-ft.  sections  and  a  spiral  stairway,  a  carriage  supporting  two  sheaves  was  placed 
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apon  the  top  of  the  pipe,  where  it  turned  freely.  A  rope  ran  up  one  side  of  the  pipe, 
over  the  sheaves  and  down  the  other  side,  by  means  of  which  the  columns,  etc.,  were 
hoisted  into  position.  The  work  was  done  upon  a  movable  platform  which  sur- 
rounded the  pipe,  and  rested  on  the  rings  which  joined  the  tops  of  the  columns.  As 
each  section  of  columns  was  secured  in  position,  the  platform  was  hoisted  ready  for 
the  next  section. 


A  100-FOOT  TURNTABLE, 

Bboulab  Meeting,  December  20tm,  1884.— Mr.  John  C.  Trautwine,  Jr.,  presented 
an  illustrated  description  of  a  design  for  a  100-ft.  turntable,  by  Mr.  C.  O.  H.  Fritzsche, 
of  New  York,  for  the  N.  Y.,  W.  S.  &  B.  R.  R.  Co.,  for  use  in  their  car  shop.  It  was 
to  carry  a  six-wheeled  shifting  engine,  30  ft.  long,  weighing  90,000  lbs.,  and  two  cars, 
each  36  ft.  long,  weighing  24,000  lbs.  each :  total  extraneous  load,  138,000  lbs. 

The  table  is  turned  by  a  steam  engine,  which,  with  its  boiler,  is  carried  upon  an  iron 
platform,  about  7^  x  13  ft.,  attached  to  one  side  of  the  turntable  near  the  middle  of  its 
length,  and  thus  revolving  with  it.  The  power  of  the  engine  is  communicated,  by 
means  of  bevel  gearing  and  a  long  shaft  running  along  the  centre-line  of  the  turntable, 
to  a  wheel  in  each  end  carriage. 


ABSTRACT  OF  MINUTES  OF  MEETINGS. 


Op  the  Club. 

October  18th,  1884. — Regular  meeting. — President  William 
Ludlow  in  the  chair;  25  members  and  3  visitors  present. 

Mr.  C.  Henry  Roney  exhibited  and  described  a  Portable  Storage 
Battery  for  Mining  and  Exploring  Purposes. 

Mr.  Wm.  L.  Simpson  exhibited  and  described  the  Thompson 
Indicator. 

Mr.  J.  J.  deKinder  described  the  Repairs  to  the  36  in.  Belmont 
Submerged  Main,  Philadelphia,  recently  made  by  him. 

Mr.  W.  Bugbee  Smith  presented  notes  upon  the  Fire  Protection 
of  Mills. 

The  Secretary  exhibited,  for  Mr.  S.  L.  Smedley,  a  photo-litho- 
graphic reproduction  of  a  topographical  Map  of  Philadelphia,  by 
John  Hills,  1796,  and  pointed  out  some  of  the  remarkable  evi- 
dences of  its  great  accuracy  in  detail. 

Mr.  Francis  Lightfoot,  of  West  Chester,  introduced  by  the  Sec- 
retary, explained  a  model  of  a  Rail  Joint  in  which  no  plates  or 
loose  pieces  are  required,  the  ends  of  the  rail  being  lapped  and 
bolted  together  through  oblong  slots. 
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November  1st,  1884. — Special  Business  Meeting. — President 
William  Ludlow  in  the  chair;  30  members  present. 

The  Board  of  Directors  reported  their  minutes  since  the  last 
Business  Meeting,  and  made  special  report  that  the  occupancy  of 
the  new  Club  House  had  been  delayed  by  the  consideration  of 
extensive  changes  in  the  block  in  which  it  is  located,  by  the 
Trustees  of  the  Girard  Estate. 

The  Tellers  of  Election  reported  that  127  votes  had  been  cast 
and  the  following  gentlemen  elected  Active  Members  of  the  Club: 
Messrs.  Bard  Wells,  Frank  A.  Hill,  R.  Meade  Bache,  Emil  Forder, 
W.  E.  C.  Coxe,  Philip  Pistor,  0.  B.  Harden,  Thos.  H.  Loomis, 
Barton  Hoopes,  Jr.,  Wm.  F.  Biddle,  Lindley  M.  Winston,  H.  W. 
Sanborn,  S.  Craige  McComb,  Wm.  H.  McCallum  and  Wm.  H. 
Wiley. 

The  Secretary  presented,  for  Mr.  A.  W.  Sheafer,  Notes  upon  the 
Relative  Cost  of  Haulage  in  the  Anthracite  Mines  of  Penna.,  by 
Mules  and  Locomotives. 

The  Secretary  also  exhibited  for  Mr.  Sheafer,  a  set  of  Electrical 
Photographs  of  the  Kohinoor  Colliery  Mine  Workings. 

The  Secretary  exhibited  the  Bush  Interlocking  Rail  Bolts, 
which  interlock  within  the  tie  under  the  middle  of  the  rail. 
They  are  specially  intended,  it  is  believed,  to  resist  the  lateral 
strain  of  the  train  upon  curves. 

Mr.  Thomas  M.  Cleemann  continued  some  previous  remarks 
that  he  had  made  on  the  Strength  of  Wrought  Iron  Columns, 
showing  how  some  recent  experiments  by  Mr.  James  Christie,  at 
the  Pencoj'^d  Iron  Works,  gave  values  of  the  constants  in  Ran- 
kine^s  formula  somewhat  different  from  those  generally  used,  and 
which  would,  therefore,  be  better  to  adopt  for  calculating  their 
strength,  in  structures  of  American  iron. 

Mr.  James  Christie  presented  several  statements  with  regard  to 
these  experiments. 

The  Secretary  presented,  for  Mr.  R.  W.  Jones,  Notes  upon  the 
Blue  Process,  for  the  Reference  Book. 

Mr.  C.  A.  Ashburner  exhibited  and  described  Part  I  of  the 
large  Atlas  of  the  Anthracite  Coal  Fields  of  Pennsylvania,  by  the 
Second  Geological  Survey  of  Pennsylvania. 

Capt.  O.  E.  Michoelis  presented  a  blackboard  description  of 
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what  he  was  allowed  to  see  at  the  recent  exhibition  of  the  *'  Keeley 
Motor"  in  Philadelphia. 

November  15th,  1884. — Regular  meeting. — Vice-President  J. 
J,  deKinder  in  the  chair;  44  members  and  2  visitors  present. 

Mr.  John  Haug  presented  a  description,  illustrated  by  drawings 
and  test  specimens,  of  Mr.  William  Astor's  new  Steam  Yacht. 

Mr.  Fairman  Rogers  described  his  Steam  Yacht  "Magnolia." 

The  Secretary  presented,  for*  Mr.  E.  F.  Smith,  an  illustrated 
description  of  a  Floating  Coffer  Dam. 

Mr.  Theodore  Bergner,  introduced,  by  the  Secretary,  exhibited 
and  described  his  designs  for  Drawing  Boards. 

Mr.  Robert  P.  Snowden  presented  an  illustrated  mathematical 
discussion  of  Formulae  for  Frogs  and  Switches,  with  some  notes 
as  to  putting  in  leads  for  the  same. 

The  Secretary  presented,  for  Mr.  Graham  Spencer,  a  description 
of  the  Kaolin  Beds  of  Chester  Co.,  Pa.,  and  Newcastle  Co.,  Del. 

Mr.  Allen  J.  Fuller  exhibited  a  new  form  of  Transit  Rod. 

The  Secretary  presented,  for  Mr.  R.  H.  Soule,  illustrated  notes 
upon  the  West  Shore  Anthracite  Engine,  No.  24,  designed  by  the 
late  Howard  Fry,  Member  of  the  Club,  Supt.  M.  P.  of  that  road. 

The  Secretary  presented  for  Mr.  A.  H.  Haig,  a  note  upon  the 
process  of  Copying  Drawings  in  Blue  Lines  upon  White  Ground. 

Mr.  W.  Bugbee  Smith  described,  with  illustration,  the  removal 
of  the  West  Philadelphia  Stand  Pipe*. 

December  6th,  1884. — Business  Meeting. — President  William 
Ludlow  in  the  chair;  32  members  and  3  visitors  present. 

The  Board  of  Directors  reported  their  minutes,  and  that  they 
had  appointed,  to  conduct  the  Annual  Election,  Tellers,  Messrs. 
J.  E.  Codman  and  T.  M.  Rogers,  and  Alternates,  Messrs.  Wm. 
Mcllvaine  and  A.  A.  Stevenson. 

Nominations  were  made  for  Officers  for  1885,  and  other  routine 
business  transacted. 

The  Secretary  presented  a  Memorial  to  Congress,  which  he  liad 
received  from  Mr.  E.  L.  Corthell,  C.  E ,  asking  that  Civil  Engi- 
neers be  accorded  the  opportunity  to  attain  equal  standing  with 
Military   Engineers,  in   the  Civil   Engineering  service   of  the 
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Government.  It  was  referred  to  the  members  iot  individual 
signature. 

An  amendment  (see  minutes  of  January  10th,  1885)  was  offered 
to  Sees.  I  and  II,  of  Art.  IV  of  the  Constitution. 

The  Tellers  of  the  Election  of  Members,  Messrs.  C.  E.  Billin 
and  Lloyd  Bankson,  reported  that  the  following  gentlemen  had 
been  elected  Active  Members  of  the  Club:  Messrs.  George  Turner, 
Jr.,  George  M.  Newhall,  Edw.  Y.  Townsend,  Henry  S.  Drinker, 
F.  W.  Sargent,  James  Beatty,  Jr.,  Richard  Evans,  Max  B.  Feld- 
mann,  C.  Frederick  Moore,  John  S.  Elliott,  Conway  B.  Hunt, 
John  R.  Hoffman,  John  Mullen,  Robt.  Wetherill,  Ferdinand 
Philips  and  Theodore  Bergner. 

The  Secretary  read  a  communication  from  Mr.  W.  F.  Wootten, 
announcing  the  death  of  Mr.  Frederic  C.  Wootten,  Member  of 
the  Club,  and  offered  a  Memorial  Notice  for  publication  in  the 
Proceedings. 

President  Ludlow  exhibited  a  specimen  of  Roe's  Surveyor's 
Steel  Tape  and  Reel,  for  which  some  improvements,  over  ordi- 
nary tapes,  are  claimed. 

Mr.  Edw.  I.  H.  Howell  presented  a  description  of  English  Cen- 
trifugal Pumps. 

Mr.  A.  A.  Stevenson  presented  a  series  of  Gas  Engine  Indicator 
Cards,  which,  being  rather  a  novelty,  are  interesting,  and  seem 
to  show  good  results. 

Prof.  L.  M.  Haupt  read  a  paper,  illustrated  by  model  and  pho- 
tographs, on  Movable  Dams  of  the  Chanoine-Pasqueau  System. 

A  model,  working  upon  continuous  track,  of  appliances  for 
Switching  and  Crossing  Intersecting  Lines  on  Cable  Roads  was 
exhibited,  described  and  put  in  operation  by  Mr.  Ramsden,  son 
of  the  inventor.  The  operations  of  the  grips,  while  apparently 
not  complex,  are  hardly  susceptible  of  a  brief  and  clear  written 
description. 

Mr.  H.  W.  Spangler  presented,  for  Mr.  P.  A.  Taylor,  a  sample 
and  description  of  Wooden  Water  Pipe,  laid  by  Stephen  Girard 
in  1834,  on  Broad  Mountain  on  the  line  of  the  Mahanoy  and 
Shamokin  Railroad,  Schuylkill  Co.,  Pa. 

The  Secretary  exhibited,  for  Mr.  C.  A.  Merriam,  a  series  of 
interesting  photographs  of  the  track  of  the  Mexican  National 
Railway. 
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December  20th,  1884. — Regular  meeting. — Past  President 
Frederic  Graff  in  the  chair;  35  members  and  3  visitors  present. 

Mr.  Geo.  S.  Strong  read  a  portion  of  the  first  of  a  series  of 
papers  upon  the  Future  of  Locomotive  Building. 

Gen.  Russell  Thayer  read  a  paper  upon  the  Navigation  of  the 
Air,  with  a  Description  of  the  Aerial  Ship  and  the  Theory  and 
Practical  Operation  of  its  Motor.  . 

Mr.  Lloyd  Bankson  presented,  for  Mr.  H.  W.  Spangler,  an  il- 
lustrated paper  upon  Measuring  Chimney  Draft. 

The  Secretary  presented,  for  Mr.  P.  A.  Taylor,  an  account  of 
the  enlargement  of  the  East  Mahanoy  Tunnel,  East  Mahanoy 
Railroad,  Schuylkill  Co.,  Pa. 

Mr.  John  C.  Trautwine,  Jr.,  presented  an  illustrated  description 
of  a  design  for  a  100  ft.  Turntable  by  Mr.  C.  0.  H.  Fritzsche,  of 
New  York,  for  the  N.  Y.,  W.  S.  &  B.  R.  R. 

January  10th,  1885. — Seventh  Annual  Meeting. — President 
William  Ludlow  in  the  chair;  56  members  and  4  visitors  present. 

The  Secretary  and  Treasurer  presented  his  Annual  Report. 
The  expense  for  the  year  amounts  to  $3589.05;  the  receipts  and 
other  funds  to  $4413.81,  leaving  a  balance  of  $824.76,  or  more 
than  double  the  very  satisfactory  showing  of  last  year.  This  is, 
of  course,  in  addition  to  the  value  of  the  library  and  furniture. 

The  average  attendance  of  members  at  meetings  was  over  54 
per  cent,  greater  than  it  was  during  the  year  1883.  The  Active 
Membership  of  the  Club  has  increased,  during  the  year,  from  244 
to  363,  or  nearly  49  per  cent. ;  45|  per  cent,  of  the  members  now 
reside  without  the  city,  and  23  per  cent,  without  the  State. 

Club  mail  matter  is  now  issued  at  the  rate  of  about  15,000 
letters  and  packages  per  annum. 

On  motion  of  the  Secretary  and  Treasurer  his  accounts  for  1884 
were  referred  for  audit  to  the  Finance  Committee  of  incoming 
Board  of  Directors. 

President  Ludlow  delivered  the  Annual  Address. 

The  deaths  of  our  fellow-members,  Arthur  Robert  Faunt  Le 
Roy  and  William  Lorenz,  were  announced. 

The  Tellers  of  Election,  Messrs.  J.  E.  Codman  and  T.  M.  Rogers, 
reported  that  the  amendment  to  the  Constitution  creating  the 
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class  of  Associate  Members  had  received  136  affirmative  and  12 
negative  votes,  and  was,  therefore,  carried. 
The  article,  as  amended,  reads  as  follows: 

Article  IV.    Members. 

Sect.  I. — Civilj  Mechanical  and  Mining  Engineers,  Geologists, 
Architects  and  other  persons  engaged  in  pursuits  pertaining  to  En- 
gineering^ shall  be  eligible  to  membership. 

Sect.  II. — Tliere  shall  be  four  classes  of  Members:  Active,  Corre- 
sponding, Honorary  and  AssociaJte. 

Active  Members  shall  be  persons  who  are  actively  engaged  in,  or 
wfu)  have  been  in  responsible  charge  of,  engineering  work,  who  will 
participate  in  promoting  the  interests  of  the  Club,  and  who  will,  as 
often  as  may  be,  attend  its  meetings,  present  papers,  and  vote  at  elections. 

Associate  Members  shall  be  persons  who  are  interested  in  the  ad- 
vancement of  Engineering  Science,  and  wlio  will  participale  in  pro- 
moting the  interests  of'tJie  Club. 

They  also  reported  that  153  votes  had  been  polled  for  Officers 
for  1885,  with  the  following  result: 

President,  J.  J.  deKinder ;  Vice-President,  Joseph  N.  DuBarry ; 
Secretary  and  Treasurer,  Howard  Murphy;  Directors,  T.  M.  Clee- 
mann,  Frederic  Graff,  Rudolph  Hering,  William  Ludlow  and 
Henry  G.  Morris. 

Mr.  de  Kinder  assumed  the  chair  with  appropriate  remarks. 
He  specially  urged  increased  social  and  professional  activity  in 
the  Club,  and  the  full  contribution  by  each  to  the  general  store 
of  information. 

On  motion  of  the  Secretary,  he  was  instructed  to  issue  circulars 
to  the  members  upon  the  subject  of  change  of  name  of  the  Club 
•with  a  view  of  obtaining  their  opinions.  As  a  basis  for  expres- 
sion the  following  names  were  proposed,  but  the  suggestion  of 
other  names  was  to  be  invited:  Engineers*  Club  of  Philadelphia; 
Engineers'  Society  of  Philadelphia;  Engineers'  Asssociation  of 
Philadelphia;  and  Eastern  Society  of  Engineers. 

January  24th,  1885. — Special  Business  Meeting. — President 
J.  J.  deKinder  in  the  chair;  31  members  present. 
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The  resignations  from  Active  Membership  of  Messrs.  Walter 
Atlee,  F.  W.  Dean,  W.  H.  Heuer,  A.  B.  Stovell  and  J.  C.  Turk, 
were  read  and  accepted. 

The  Tellers  of  Election,  Messrs.  J.  E.  Codman  and  T.  C.  Smith, 
reported  that  the  following  gentlemen  were  elected  Active  Mem- 
bers of  the  Club:  Messrs.  Chas.  M.  Jarvis,  Saml.  J.  CreswoU,  Joseph 
S.  Ward,  H.  W.  Dunne,  Wm.  M.  Levering,  Chas.  P.  McArthur, 
John  B.  Fontaine,  Geo.  G.  Hood,  John  D.  Newbold,  T.  A.  Reilly, 
P.  W.  Taft  and  C.  H.  Middleton,  Jr. 

On  motion  of  the  Secretary,  the  President  was  authorized  to 
appoint  Tellers  of  Election  of  Members  in  advance  of  the  meeting 
for  election,  and  the  said  Tellers  were  authorized  to  receive  and 
count,  in  advance,  such  portion  of  the  letter  ballots  as  may  be 
received  prior  to  the  opening  of  the  meeting. 

Mr.  John  C.  Trautwine,  Jr.,  exhibited  and  described  drawings 
of  a  large  Land  Dredge  built  by  the  Osgood  Dredge  Co.,  of 
Albany,  New  York,  for  the  Pacific  Guano  Co. 

Mr.  Chas.  T.  Thompson  presented  a  Description  of  the  Con- 
struction and  Manner  of  Turning  of  the  Large  Hoisting  Drums 
of  the  Calumet  and  Hecla  Mining  Company. 

Mr.  Thompson  also  read  an  interesting  letter  from  Mr.  Henry 
A.  Vezin,  alluding  to  the  Mining  Methods  in  Colorado. 

The  Secretary  was  enabled  to  present,  through  the  courtesy  of 
Samuel  C.  Perkins,  Esquire,  who  had  loaned  it  for  the  purpose, 
a  description  of  the  so-called  Artesian  Wells  of  New  York  City, 
embodied  in  a  written  report  thereupon  by  Dr.  Cyrus  Eidson, 
Chief  Inspector  of  the  Health  Department. 

February  7th,  1885. — Regular  Meeting. — Past  President 
Frederic  Graff  in  the  chair;  46  members  and  3  visitors  present. 

Mr.  M.  Van  Harlingen  presented  a  full  description  of  the 
Phcenixville  Tunnel  on  the  Pennsylvania  Schuylkill  Valley 
Railroad,  illustrated  by  drawings  and  photographs. 

The  Secretary  presented,  for  Mr.  A.  Harvey  Tyson,  a  paper 
upon  the  Sources  of  Pollution  in  Storage  Reservoirs. 

The  subject  was  discussed  by  Mr.  Chas.  G.  Darrach  and  Dr.  H. 
M.  Chance. 

Mr.  E.  V.  dTnvilliers  mentioned  an  article,  to  which  his  atten- 
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tion  had  been  called  by  Prof.  L.  M.  Haupt,  upon  the  Repairs  to 
Chestnut  Street  Bridge,  Philadelphia,  in  the  Railroad  Oazette  of 
Jan.  30th,  1885.  After  some  discussion,  the 'further  consideration 
of  the  subject  was  deferred,  as  a  paper  thereupon  is  anticipated. 

The  Secretary  announced  the  death  of  our  fellow-member,  Mr. 
D.  Hudson  Shedaker,  and  asked  that  a  committee  be  appointed 
to  prepare  a  Memorial  for  the  Proceedings.  The  chair  appointed 
Messrs.  James  R.  McClure,  Joseph  Johnson  and  John  H.  Dye, 
Chairman,  and  the  meeting  adjourned. 

February  21st,  1885. — ^Regular  meeting. — President  J.  J.  de 
Kinder  in  the  chair;  23  members  and  2  visitors  present. 

The  Secretary  presented,  for  Mr.  Henry  A.  Vezin,  a  set  of 
Diagrams  for  Determining  Belts  and  Pulleys  and  Shafts,  with  a 
description  thereof.  They  were  derived  from  Wieber's  Skizzen- 
buch  fur  den  Ingenieur,  but  modified  by  Mr.  Vezin  to  suit  our 
units  of  weight  and  measure,  and  their  application  extended. 
They  present  the  usual  advantages  of  the  graphic  method ;  not 
only  saving  the  time  and  mental  exertion  necessary  to  calculate 
by  formula,  but  also  presenting  a  picture  of  possible  and  desirable 
modifications  of  design. 

He  also  presented  similar  Diagrams  for  Cast  Iron  Cogs. 

Mr.  J.  Milton  Titlow  contributed  a  paper,  illustrated  by  draw- 
ings and  photographs,  upon  the  Strengthening  the  West  Main 
Abutment  of  Chestnut  Street  Bridge,  Philadelphia. 

The  paper  was  discussed  by  Prof.  L.  M.  Haupt  and  Mr.  Howard 
Murphy. 

March  7th,  1885. — Business  meeting. — Past  President  Lewis 
M.  Haupt  in  the  chair;  50  members  present.  The  Board  of 
Directors  submitted  their  minutes  as  their  Report. 

The  Tellers  of  Election  of  Members,  Messrs.  John  T.  Boyd  and 
J.  E.  Cod  man,  reported  that  the  following  gentlemen  had  been 
elected  Active  Members  of  the  Club:  Messrs.  A.  W.  Sims,  Percy 
T.  Osborne,  A.  H.  Storrs,  Wm.  0.  Dunbar,  Morris  P.  Janney, 
John  W.  Henderson,  Arthur  H.  Howland,  P.  D.  Ford,  and  J.  H. 
Nichol. 

The  resignations  from  Active  Membership  of  Messrs.  Lloyd 
Bankson  and  J.  M.  Riidiger,  Jr.,  were  read  and  accepted. 
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The  Secretary  reported  that  he  had  issued  the  following  circu- 
lars with  regard  to  the  proposition  to  change  the  name  of  the 
Club,  the  first  having  been  sent  with  the  notices  of  February  7th 
meeting. 

As  TO  Chakodto  the  N^amb  of  the  Club. 


This  subject  has  been  discussed  by  members  for  some  time  past.  It  is  thought  by 
many  that  our  present  name  does  not  indicate  the  real  character  and  scope  of  the 
organization.  There  is  no  disposition  to  do  otherwise  than  increase  .our  social  fea- 
tores,  but  our  real  strength  has  always  been  and,  it  seems,  always  will  be,  in  the  line 
of  professional  discussion  and  publication.  The  names  ^^Engineenf  AsBociaiion  of 
Philadelphia**  and  " Engvncerif  Society  of  Philadelphia"  have  been  suggested  to  meet 
the  aboye  conditions ;  and  as,  according  to  the  last  Annual  Report,  about  45}  per 
cent  of  the  members  reside  without  the  City  of  Philadelphia  and  23  per  cent,  without 
the  State  of  Pennsylvania,  and  as  this  class  of  non-resident  members  is  rapidly  in- 
creasing, the  name  **  Eastern  Society  of  Engineers  "  has  been  proposed. 

Some  members  may  prefer  to  retain  the  present  name. 

Please  place  your  signature  opposite  the  name  you  prefer,  or  any  other  name  you 
have  to  suggest,  and  return  the  slip,  in  the  directed  envelope.  It  is  important  that  a 
very  general  expression  should  be  had  upon  this  subject,  so  every  member  will  please 
sign  and  return  this  slip. 

Engineer^  Club  of  Philadelphia 

Engineer^  Society  of  Philadelphia 

Engineerif  Aeeodation  of  Philadelphia 

Eastern  Society  of  Engineers 


(Seeond  Girenlftr.) 

As  TO  Chanoino  thb  Name  of  the  Club. 

In  response  to  the  first  circular,  the  following  preferences  have  so  far  been  ex- 
pressed, and  it  is  not  likely  that  many  more  answers  will  be  received.  The  names 
printed  in  Gothic  type  are  those  suggested  in  the  first  circular.  The  others  are 
names  suggested  in  response  to  the  circular,  and  the  figures  show  the  written  prefer- 
ences expressed  for  each  name. 

Total  Active  Membership, 369 

**    number  of  expressions  received, 206 

Engineer^  Club  of  Philadelphia, 70 

Engineert^  Society  of  Philadelphia, 22 

Engineerff  Association  of  Philadelphia, 1^ 

Eastern  Society  of  Engineers, 66 

Eastern  Association  of  Engineers, 1 

Engineers'  Club  of  Philadelphia,  or  >  •, 

Eastern  Engineers'  Club,  j      

voifc  v.— 6. 
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Engineers'  Clab  of  Philadelphia,  or  1  . 

Philadelphia  Society  of  Engineers,  /      ^ 

Philadelphia  Association  of  Engineers, 5 

Society         *'        " 

^        ''  and  Associates, 

"  Civil  Engineers, 

Engineers'  Society  of  Eastern  Pennsylvania, 

Eastern  Pennsylvania  Engineers'  Association, 

Engineers'  Society  of  Pennsylvania,  or  1 

Engineers'  Club  of  Philadelphia,  j 

Pennsylvania  Association  of  Engineers, 

Society  of  Civil  Engineers, 

Society  of  Engineers, 

Engineering  Society  of  Pennsylvania, 

Engineers'  Club  of  Pennsylvania, 

American  Society  of  Engineers, 

United  States  Engineering  Association, 

Society  of  American  Engineers, 

Engineers'  Club  of  America, 

Middle  States  Engineers'  Society, 

136 

Each  member  will  analyze  this  vote  according  to  his  own  judgment,  but  the  fol- 
lowing points  are  respectfully  suggested : 

Ist. — That'  those  who  favor  a  change  of  name,  including  three  who 

are  doubtful,  number 136 

And  those  who  do  not, 70 

206 
2d. — That  of  those  who  favor  a  change,  there  are,  in  favor  of  a 

name  more  geographically  comprehensive, 84 

Of  a  new  local  name, 49 

And  doubtful, 3 


3d. — That  there  are,  in  favor  of  *' Eastern  Society  of  Engineers,"  . 
And  in  favor  of  all  other  new  names,    # 


136 

66 
70 

136 


4th. — ^That  there  are,  in  favor  of  the  word  "Philadelphia,"    ...    120 

Against  it, 84 

And  doubtful, 2 

206 


It  must  be  remembered,  however,  that  many  of  the  70,  in  favor  of  "  Engineers' 
Club  of  Philadelphia"  (who  are  included  in  the  above  120),  are  simply  opposed  to 
changing  the  name  at  all. 
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6th.— That  there  are  in  faTor  of  the  word  "Society," 109 

Of  the  word"  Qub"  (including  the  70  in  favor  of  present  name),    73 

Of  the  word  "  Association," 22 

And  doabtful, 2 
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And  last,  but  not  least,  that,  were  this  a  vote  upon  a  Constitutional  Amendment  to 
change  the  name,  and  were  all  in  favor  of  change  to  unite  upon  one  name, 
the  vote  would  stand  136  to  70,  or  fall  4  votes  short  of  the  two-thirds  ma- 
jority necessary  to  pass  the  amendment. 

What  are  we  going  to  do  about  it?  HOWABD  MURPHY, 

February  28th,  1886.  Secretary  and  Treamrer, 

Mr.  William  Wharton,  Jr.,  read  a. comprehensive  paper  on  the 
Construction  of  Street  Railways  in  the  United  States,  and  ex- 
hibited in  connection  with  the  same,  a  number  of  varieties  of 
street  rails  used  in  diflFerent  cities  on  ^|;raight  tracks  and  on  curves. 

He  showed,  by  the  working  of  a  model,  the  system  of  trans- 
ferring cars  on  the  six  tracks  of  the  Brooklyn  City  Railroad 
Company,  at  their  terminus  near  the  east  end  of  the  New  York 
and  Brooklyn  Bridge,  designed  by  him  some  two  years  ago. 

Mr.  C.  G.  Darrach  submitted  his  informal  discussion  of  the 
Repairs  to  Chestnut  Street  Bridge,  Philadelphia,  which  he  had 
oflTered  at  a  previous  meeting,  but  which  he  had  desired  to  be 
withheld  from  the  minutes  until  Mr.  Titlow's  paper  was  presented. 

After  considerable  discussion  it  was  finally  moved  that  it  be 
the  sense  of  this  meeting  that  it  is  not  now  advisable  to  change 
the  name  of  the  club,  and  the  motion  was  carried  by  a  vote  of  18 
to  16. 

The  Secretary  presented,  for  Capt.  P.  C.  F.  West,  a  paper  upon 
Isthmian  Transits. 

Mr.  Geo.  S.  Strong  presented  some  notes  upon  recent  Locomo- 
tive Construction,  showing  blackboard  sketches  of  indicator  cards. 

Messrs.  James  R.  McClure,  Joseph  Johnson  and  John  II.  Dye, 
Chairman,  the  Committee  on  Memorial  of  Mr.  D.  Hudson  Shed- 
aker,  our  late  fellow-member,  presented  a  sketch  of  his  life  and 
professional  labors. 

Makch  SlsT,  1885. — Regular  meeting. — President  J.  J.  de 
Kinder  in  the  chair;  32  members  and  7  visitors  present. 

Mr.  E.  S.  Hutchinson  presented  notes  upon  the  Latitude  and 
Departure  Method  of  Calculating  Areas. 
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Mr.  John  Wood,  Jr.,  visitor,  exhibited  handsome  working 
models  of  cars  and  tracks  equipped  with  the  Curtis  &  Wood 
Automatic  Car  Coupler,  and  fully  explained  its  workings. 

The  Secretary  presented,  by  title,  for  Prof.  L.  M.  Haupt,  a  re- 
vision of  his  paper  upon  Scales  of  Maps,  which  Prof.  Haupt  has 
prepared  for  the  Club  Reference  Book. 

The  discussion  on  strengthening  the  West  Main  Abutment  of 
Chestnut  Street  Bridge  was  continued  by  the  author  of  the  paper, 
Mr.  J.  Milton  Titlow,  and  Prof.  L.  M.  Haupt,  Messrs.  Rudolph 
Hering  and  Howard  Murphy. 

April  4th,  1885. — Regular  meeting. — President  J.  J.  deKinder 
in  the  chair ;  46  members  and  4  visitors  present. 

The  Secretary  presented,  for  Mr.  Jacob  H.  Yocum,  an  illus- 
trated description  of  the  recently  constructed  Water  Works  at 
Columbus,  Ga. 

The  discussion  of  Strengthening  the  West  Main  Abutment  of 
the  Chestnut  Street  Bridge  was  continued  by  Messrs.  C.  G.  Darrach, 
Rudolph  Hering,  Prof,  L.  M.  Haupt  and  others. 

The  Secretary  announced  the  death  of  the  venerable  Col.  James 
Worrall,  member  of  the  Club. 

April  18th,  1885. — Special  Business  Meeting. — Past  President 
Rudolph  Hering  in  the  chair;  34  members  and  4  visitors  present. 

The  following  resolution,  offered  by  Prof.  L.  M.  Haupt,  was 
unanimously  adopted :  That  a  Committee  be  appointed  to  draft 
a  Memorial  to  the  Legislature  in  behalf  of  the  proposed  topo- 
graphical survey  of  this  State,  and  to  report  at  the  next  meeting. 
The  chair  subsequently  appointed,  as  this  Committee,  Prof.  L.  M. 
Haupt,  Chairman,  Messrs.  C.  E.  Billin,  T.  M.  Cleemann,  Frederic 
Graff  and  President  J.  J.  deKinder. 

The  following  Committee  was  appointed  to  prepare  a  Memorial 
for  publication  in  our  Proceedings  of  the  late  Col.  James  Worrall, 
Member  of  the  Club :  Messrs.  J.  Simpson  Africa,  Chairman,  L.  M. 
Haupt  and  A.  E.  Lehman. 

A  handsome  framed  engraving  of  the  old  Wernwag  Bridge 
was  presented  to  the  Club,  accompanied  by  a  descriptive  letter, 
by  Mr.  Percy  T.  Osborne,  on  behalf  of  his  father,  Mr.  Richard  B. 
Osborne,  Civil  Engineer. 
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Mr.  James  F.  Wood  described  the  Sewerage  Work  now  in  pro- 
gress at  Atlantic  City,  N.  J. 

Mr.  Jones  Wister  presented  a  description  of  the  Beaumont 
Rock  Drill,  which  is  said  to  bore  a  7  ft.  2  in.  hole  at  the  rate  of 
from  42  to  120  ft.  per  week;  to  be  suited  to  all  rocks,  but  the  very 
hardest,  and  to  avoid  the  leakage  and  foul  air  incident  to  the  use 
of  dynamite.  The  workings  of  the  drill  were  discussed  by 
several  members.  Mr.  John  Fernie,  M.  Inst.  C.  E.,  who  was 
present  as  the  guest  of  the  Club,  at  the  request  of  the  Secretary, 
described  the  character  of  the  rock  formation  in  which  this  drill 
had  been  used. 

The  Secretary  presented  a  specimen  of  the  work  done  by  the  Air 
Brush,  which  works  upon  the  general  principle  of  the  atomizer, 
and  by  which  shade  effects  on  drawings  are  rapidly  and  per- 
manently effected. 

,  The  balance  of  the  evening  was  occupied  in  the  continuation 
of  the  discussion  of  the  condition  of  Chestnut  St.  Bridge,  Phila- 
delphia. It  was  opened  by  Dr.  H.  M.  Chance,  who  gave  the  re- 
sult of  his  examinations  of  the  displacement  of  the  railing,  and 
was  participated  in  by  a  number  of  members,  but  it  appeared 
that  no  change  of  previously  expressed  opinions  had  taken  place. 

Of  the  Board  op  Directors. 


October  4th,  1884. — Special  Meeting. — Vice-President  J.  J. 
deKinder  in  the  chair. 

The  Secretary  read  a  communication  to  the  Club  from  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies, 
and  was  directed  by  unanimous  vote  of  the  Board  to  reply  that 
the  Board  adhere  to  their  recently  expressed  opinion  that  there 
should  be  no  change  in  our  present  policy  as  to  our  publications. 
The  matter  was  then  referred  to  the  Business  Meeting  of  the  Club. 

The  Secretary  recommended  that  he  be  authorized  to  print 
papers  in  the  Proceedings,  with  the  approval  of  the  Committee 
on  Publication,  prior  to  their  formal  presentation  to  th^  meeting 
of  the  Club,  when,  during  the  summer  adjournment,  or  at  any 
other  time,  the  issue  of  Proceedings  would  be  facilitated  thereby. 
It  was  so  ordered. 
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The  payment  of  bills  to  the  amount  of  $942.65,  which  had 
been  endorsed  by  the  Finance  Committee,  was  approved. 

October  23d,  1884.-;— Special  Meeting. — Mr.  Henry  G.  Morris 
in  the  chair. 

A  discussion  of  the  matter  of  seeking  another  Club  House 
than  the  one  proposed,  owing  to  the  uncertainty  of  the  move- 
ment of  the  Trustees  of  the  Girard  Estate  in  the  matter,  was 
closed  by  referring  the  matter  to  the  Committee  on  New  Club 
House. 

November  15th,  1884. — Vice-President  deKinder  in  the  chair. 
The  Secretary  was  instructed  to  advertise  for  a  suitable  house  for 
the  Club. 

December  6th,  1884. — Special  Meeting. — President  Ludlow  in 
the  chair. 

The  following  were  appointed  Tellers  to  conduct  the  Annual 
Election  of  OflBcers:  Tellers,  Messrs.  J.  E.  Codman  and  T.  M. 
Rogers;  Alternates,  Messrs.  Wm.  Mcllvaine  and  A.  A.  Stevenson. 

January  24th,  1885. — President  deKinder  in  the  chair.  The 
following  Standing  Committees  for  1885,  were  appointed  by  the 
President: 

Finance. — Messrs.  GraflF  and  Morris. 

Membership. — Messrs.  Du  Barry  and  Morris. 

Publication. —      "       Cleemann  and  Ludlow. 

Library. —  "       Hering  and  Cleemann. 

The  Secretary  suggested  that  President  deKinder  be  requested 
to  sit  for  his  phototype  portrait,  to  be  inserted  in  the  Proceedings. 
Adopted. 

The  Committee  on  New  House,  Messrs.  GraflF,  Morris  and  Col. 
Ludlow,  Chairman,  was  continued. 

February  21st,  1885. — Regular  Meeting. — President  deKinder 
in  the  chair.     Routine  business  only. 

March  21st,  1885. — Regular  Meeting. — President  J.  J.  de 
Kinder  in  the  chair. 
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The  Secretary  submitted  the  following  form  of  application  for 
Associate  Membership  and  the  same  was  approved. 

Enoikebbs'  Club  of  PHUiADXLPHiA. 

Mr. 

OecupciUon, 

Address, 


being  interested  in  the  advancement  of  Engineering  Science,  and  being  desirous  of 
participating  in  promoting  the  interests  of  the  Club,  we  hereby  respectfully  propose 
him  for  admission  to  the  Club  as  AsaoeiaU  Member, 

We  are  personally  acquainted  with  candidate,  believe  him  to  be,  in  all  respects,  a 
proper  person  to  be  admitted,  and  are  assured  that  he  will  become  a  member  if  elected. 


To  THB  BOABD  OF  DlBECTOBS, 

Gemtlemen. — Having  considered  the  foregoing  application,  we  hereby  report 
that  the  candidate  is  eligible  under  the  Constitution  and  By-Laws. 

Bespectfnlly, 


Committee 

on 
Membership, 


I 


The  Secretary  suggested  that  Active  Members  desiring  to  be- 
come Associate  Members  may  do  so  upon  written  application,  if 
the  same  is  approved  by  the  Board.  On  motion  of  Mr.  Du  Barry 
the  question  was  referred  to  a  committee  of  three.  The  President 
subsequently  appointed  Messrs.  Du  Barry,  Chairman,  Cleemann 
and  Hering  as  the  committee. 

The  Secretary  stated  that  it  is  probable  that  a  house  on  Girard 
Street  will  be  vacated  by  May  1st,  and  requested  the  Board  to 
authorize  him  to  make  oflScial  application  therefor,  with  the  un- 
derstanding that  it  be  placed  in  the  same  condition  as  was  pro- 
posed in  the  case  of  1113  Girard  Street.  Mr.  Du  Barry  considered 
that  the  Committee  on  New  Club  House  should  be  heard  from 
upon  the  subject,  whereupon  Messrs.  Graff  and  Morris,  a  majority 
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of  the  committee,  who  were  present,  recommended  the  adoption 
of  the  Secretary's  suggestion  and  the  Board  ordered  it  to  be 
carried  out. 

The  Secretary  suggested  that,  as  the  author  of  a  particular 
paper  is  not  responsible  for  the  general  make-up  and  consequent 
cost  of  the  number  of  Proceedings  in  which  it  appears,  the  uni- 
form price  of  ten  cents  each  be  fixed  for  author's  extra  copies. 
It  was  so  ordered. 

The  Secretary  suggested  that  back  forms  of  the  Reference  Book 
be  furnished  free  of  cost  to  new  members  who  apply  for  them. 
It  was  so  ordered. 

The  Secretary  announced  that  the  last  edition  of  the  Constitu- 
tion and  By-Laws  is  almost  exhausted,  and  asked  for  instructions 
as  to  printing  a  new  edition,  in  view  of  no  report  having  been 
received  from  the  committee  appointed  by  the  Club  to  revise  the 
By-Laws.  He  was  instructed  to  notify  this  committee  as  to  the 
situation. 

President  deKinder  announced  his  intention  of  translating  a 
number  of  Municipal  Reports  of  European  cities,  containing 
much  valuable  data  as  to  municipal  engineering,  and  asked 
whether  such  matter  would  be  of  value  for  Club  publication. 

The  Board  were  of  unanimous  opinion  that  it  would  form  a 
valuable  Club  document  and  recommended  its  publication  as  a 
separate  volume  when  it  should  be  completed  by  Mr.  deKinder. 

April  4th,  1885. — Special  Meeting. — President  deKinder  in 
the  chair. 

President  deKinder  announced  that  he  had  made  inquiries  as 
to  the  matter  of  the  Girard  Street  house  for  the  Club,  and  had 
learned  that  the  desired  improvements  would  be  made  and  made 
promptly. 

Messrs.  T.  M.  Cleemann,  R.  Hering  and  J.  N.  Du  Barry,  Chair- 
man, the  committee  to  whom  was  referred  the  question  of  transfer 
of  members  now  on  Active  list  to  Associate  list,  reported  in  favor 
of  making  such  changes  under  the  following  rules: 

1.  Application  shall  be  made  for  such  exchange  to  the  Secre- 
tary of  the  Club. 

2.  The  Secretary  shall  present  such  application  to  the  Board 
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of  Directors  at  the  next  meeting  after  its  receipt,  when  a  vote  on 
such  transfer  shall  be  taken,  and  if  approved  by  a  majority  vote, 
the  Secretary  shall  have  authority  to  make  such  change  on  the 
list  of  membership  and  advise  the  applicant  thereof. 

3.  The  dues  for  Associate  Members  shall  be  the  same  as  those 
of  Active  Members. 

The  Secretary  presented  a  communication  from  Mr.  John  W. 
Townsend  requesting  that  he  and  his  father,  Mr.  E.  Y.  Townsend, 
be  transferred  to  the  associate  list.  The  applications  were  ap- 
proved by  the  Board. 

The  Secretary  recommended  that  the  back  numbers  of  Pro- 
ceedings now  on  hand  be  arranged,  first  in  complete  sets  to  date, 
and,  second,  that  such  numbers  as  then  remained  be  arranged  in 
complete  volumes,  and  that  these  sets  and  volumes  be  not  broken 
hereafter.    It  was  so  ordered. 

April  18th,  1885. — ^Regular  meeting. — Past  President  Rudolph 
Hering  in  the  chair.    Routine  business  only. 


CONTRIBUTIONS  TO  THE  LIBRARY. 

Fbok  Novbhbbb  18th,  1884,  to  May  1st,  1885. 


From  the   INSTITUTION   OF   CIVIL    ENOI- 

NBER8,  London. 
SenneM— The  Bleetrlc  Light. 
Bleh — Pumping  Engines. 
Male — Independent  Engine  Teste. 
Cowper— The  Steam  Engine. 
Wjfttt— Paper  Making. 
Jnmleeon^Eleetric  Lighting  for  Steamehlpa. 
Cnjiningham — RemoTal  of  Bnddonneai  Light- 

honee. 
Krafk^Gompreeeed  Air  Machinery. 
Befnolda-Oeneral  Theory  of  Thermo-Dynamies. 
Boberte— The  Barmonth  Waterworki. 
Brady— Bnrnham  Sewage  Ontfall  Works. 
Jackson — Hanllng  Cat  and  Lannehing  Vessels 

Sideways. 
Onppy — ^Pumping  Machinery. 
Abstract  of  Papers  in  Foreign  Transactions  and 

Periodicals— Vols,  LXXVIII  and  LXXIX. 


From  the  NORTH  OF  ENGLAND  INSTITUTE 
OF  MINING  AND  MECHANICAL  ENGI- 
NE EB8,  Neweastle-Upon-Tyne. 

Transacaons— Vol.  ZZXIII,  Part  VI. 

<>  —Vol.  XXXIV,  ParU  I  and  II. 

The  Strata  of  Northnmberland  and  Durham  as 

ProTCd  by  Sinkings  and  Borings.    1885. 

From  the  LIVERPOOL  ENGINEEBING 
SOCIETY. 

Annual  Report.    1884. 

Transactions.  Vol.  1, 1881,  to  Vol.  V,  1880,  both 
inclusive. 

From  the  AERONAUTICAL  SOCIETY  OF 
GREAT  BRITAIN,  London. 

Brearey— The  Relations  of  the  Aeronautical 
Society  of  Great  Britain  with  Respect  to 
Aeronautics.    2  copies. 
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From  the  SOCIBTT  OF  CIVIL  BNGIVBBRS, 

Psrii. 
M6moirea--Aag.,  Sept.,  Oct.,  Not.  and  Dec, 

1884;  Jan.,  1886. 
S6aiice  dn  9  Janvier,  1880. 
Annnalre  de  1885. 

From  L'ADMINISTBATIOB  DEB  FONTS  BT 

GHAUSSBBS,  Paris. 
Annalea^Sept.,  Oot.,  Nov.,  Dec,  1884;  Jan., 
Feb.,  March,  1880. 

From  the  AUSTRIAN    SOCIETY    OF    BNOI- 

NEERS  AND  ARCHITECTS,  Vienna. 
Woeheniehrlft. 
ZeiUehrift— Part  VI,  1884. 

From  the  VERBIN  FUR  BAUKUNDE,  Stntt- 

gart,  Germany. 
Prooeedinga— Part  II,  1884. 

From  the  NORWEGIAN  SOCIBTT  OF  BNGI- 
.     NEER8  AND  ARCHITECTS,  KristUnla. 
Norsk  Tekniik  Tldsikrtft— II,  0  and  0,  1884; 
III,  1-2, 1880. 

From  the  SWEDISH  SOCIBTT  OF  CIVIL  EN- 
GINEERS, Stockholm. 

Proceeding!  —  FJerde   Haftet,   Femte   Haftet, 
SJette  Haftet,  1884. 

From  the  PORTUGUESE  SOCIBTT  OF  CIVIL 

ENGINEERS,  Lisbon. 
Proeeedlngs—SepL-Oct.  and  NoT.-Dec,  1884; 
Jan.-Feb.,  1880. 

From  the  ARGENTINE  SCIENTIFIC  SOCIBTT, 

Buenos  Aires. 
Anales— Oct.,  Not.  and  Dec,  1884;  Jan.,  Feb., 

1880. 
Holmberg— La  Sierra  de  CnrA-Malal. 

From    the    MANITOBA     HISTORICAL    AND 

SCIENTIFIC  SOCIBTT,  Wlnnepeg. 
Transactions— 1884-0.    0  pamphlets. 

From  the  ASSOCIATION  OF  DOMINION  LAND 

SURVETORS,  Ottawa,  Canada. 
Proceedings  of  Meeting— Feb.,  1883. 

"      of  First  Annual  Meeting— Feb.,  1884. 

**      of  Second    "  "  •*      1885. 

From  the  AMERICAN   SOCIBTT    OF  CIVIL 

ENGINEERS,  New  York. 
Transactions— Oct.,  Not.,  Dec,  1884 ;  Jan.,  1885. 

From  the  AMERICAN  INSTITUTE  OF  MIN- 
ING ENGINEERS,  New  Tork. 

TransacUons—Vol.  XII,  June,  1883,  to  Feb.,1684. 
"  AdTance  Sheets. 

From  the  AMERICAN  SOCIBTT  OF  MB- 
CHANICAL  ENGINEERS,  New  Tork. 

Officers,  Members  and  Rales — Jan.  Ist,  1885. 
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From  thtt  MASTBR  CAR  BUILDERS' 
ASSOCIATION. 
Proceedings  of  18th  Annual  ConTention,  Sara- 
toga, July,  1884. 

From  the  UNITED  STATES  ASSOCIATION  OF 

CHARCOAL  IRON  WORKERS,  Phila. 
Joamal— Dec,  1884;  Feb.,  1885. 
Index  to  Vol.  V. 

From  the  AMERICAN  SHIPMASTERS*  A8S0. 

CIATION,  New  Tork. 
Record  of  American  and  Foreign  Shipping,  1880. 
'         Bonnd. 
Snpplements— 1,  %  S,  4,  0,  6  and  7. 

From  the  INTERNATIONAL  INSTITUTE  FOR 

PRESERVING  AND  PERFECTING 

WEIGHTS  AND  MEASURES. 

The  International  Standard— Not.,  1884;  Jan. 
and  March,  1880. 

From  the  ASSOCIATION  OF  ENGINEERING 

SOCIETIES,  New  York. 
Journal— Not.,  Dec,  1884;  Jan.,  Feb.,  March, 
April,  1885. 

From  the  BOSTON  SOCIETY  OF  CIVIL  EN. 

GINBBRS. 
Constitution  and  Bj-Laws  and  List  of  Members, 
Feb.,  1880. 

From  the  RENSSELAER  SOCIBTT  OF  ENGL 

NEERS,  Troj,  New  Tork. 
Selected  Papers— Vol.  I,  No.  2,  March,  1880. 

From  the  WESTERN  SOCIBTT  OF  ENGI- 
NEERS, Chicago,  111. 
Proceedings. 

From  the  ENGINEERS'  SOCIBTT  OF  WEST- 
ERN PENNSTLVANIA,  PitUburgh. 
Transactions— AdTance  Sheets. 

From  the  AMERICAN  PHILOSOPHICAL 

SOCIBTT,  Philadelphia. 

Proceedings— Vol.  XXI,  No.  116, 1884,  and  Vol. 

XXII,  Part  I,  No.  117, 1880. 
Register  of  Papers  Published  in  Transactions 
and  Proceedings. 

From  the  PHILADELPHIA  SOCIAL  SCIENCE 

ASSOCIATION. 
Morris— The  Milk  Supplj  of  Our  Large  Cities, 

1884. 
Anders— Sanitarj  Influences  of  Forest  Growth. 

1880. 
14th  Annual  Report  for  1884. 

From  the  FRANKLIN  INSTITUTE,  Phila. 

Journal— Dec,  1884;  Jan.,  Feb.,  March,  April, 
Maj,  1880. 

Subject  Catalogue  of  Memorial  Librarj  of  In- 
ternational Electrical  Exhibition,  1884. 

Electrical  Exhibition— Reports  of  Examiners. 
Sees.  XIV-XVI,  XVIII,  XIX,  XXI, XXIV, 
XXVII  and  XXX. 
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Prom  the  BOSTON  PUBLIC  LIBBART. 
BnlletlB— Winter  H amber,  1880. 

From  MB8SB8.  BA88ETT  ft  NUTB,  CItU 
Engineers,  Newark,  K.  J. 
Bcport  on  Bewerage  and  Sewage  Diepoaal  of 
East  Orange,  N.  J  ,  1886. 


From  the  LIBBART 
BnlleUn— Jan.,  188A. 


CO.  OF  PHILA. 


From  the  OBOLOQICAL  AND  NATURAL 
BISTORT  SURVBT  OF  CANADA. 

Tolmie  ft  Dawson — ComparatiTO  Yoeabularies 
of  the  Indian  Tribes  of  British  Columbia. 
1884. 

Selwyn  ft  Dawson—Deseriptive  Sketch  of  the 
Physical  Geography  and  Geologj  of  the 
Dominion  of  Canada.    1884.    Maps. 

From  the  BNOINSER  DEPARTMENT,  U.S.A., 

Washington,  D.  C. 
Annnal  Report  of  Chief  of  Engineers,  1884,  in  4 
parts.    Boand. 

From  the  U.  8.  COAST  AND  GEODETIC 
SURYET,  Washington,  D.  G. 
Report— 1883.    Bound. 

From  the  U.  8.  COAST  AND  GEODETIC 
SURYET,  Philadelphia  Offlee. 

Physical  Survey,  Delaware  Rlrer,  App.   9, 1878 

13,  1879 

9,  1880 

8,1883 

10,  1878 

8,1880 

12,  1880 

13,  1880 
6,  1881 
9,  1882 
6,1883 

10,  1882 

7,1883 
1883. 


tt 


it 
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Addendum  to  the  same, 
Comparison  of  the  same. 
Estuary  of  the  Delaware, 
Meteorological  Records, 
Report  on  Geodetic  Night  Signals, 
Rep.  OB  Blue  Clay,  Mississippi  River,  " 
A  Treatise  on  the  Plane  Table,  ** 

General  Index  of  Scientiflc  Papers,  " 
Field  Work  of  Triangulation,  " 

Descriptive  Cat.  of  Publications,  •* 
Construction  of  Tripods  and  Scaffolds, " 
Table  of  Depths  of  Harbtfrs,  Coast 

of  U.S., 
Catalogue  of  Charts, 
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From  the  U.  S.  GEOLOGICAL  SURYET, 
Washington,  D.  C. 
Sd  Annual  Report,  1881-82.    Bound. 
Geology  of  the  Comstock  Lode  and  the  Washoe 

District— Text  and  Atlas,  1882     Bound. 
Balletine— No.  2, 1883,  and  3,  4,  &  and  6, 18S4. 

From  the  U.  S.  NAYT  DEPARTMENT, 
Washington,  D.  G. 
Report  of  the  Gun  Foundry  Board,  with  Sup- 
plement.   1884.    Bound. 
Barber — Search  for  the  Missing  People  of  the 

Jeannette  Expedition,  etc.     1884. 
The  Maritime  Canal  of  Suez  from  1809  to  1884. 
Oration  of  Hon.  Thomas  F.  Bayard  at  Unveiling 
of  Da  Pont  SUtue— Dec,  1884. 


From  the  DEPARTMENT  OF  INTERNAL 

AFFAIRS,  PENNA.,  Harrisburg. 

Secretary's  Annual   Report,  1884— Land  Office 

and  Assessments. 
From  the  SECOND  GEOLOGICAL  SURYET  OF 

PENNSTLYANIA,  Phila. 
Report  of  Commissioners  to  Legislature,  Jan. 

1st,  1886. 
Grand  Atlas,  Div.  1,  Part  I. 
Maps  and  CharU,  RR. 
Report,  K  4. 

From  the  SCHOOL  OF   MINES,  COLUMBIA 

COLLEGE,  New  Tork. 
Quarterly— Nov.,  1884;  Jan.,  188.5. 

From  MESSRS.  A.  P.  TURNER  ft  CO.,  London. 
Financial  Letters,  Jan.  10th,  Feb.  14th,  March 
14th,  188d. 

From  the  PENNSTLYANIA  R.  R.  CO.,  Phila. 
Transportation  Lines  Owned,  Leased  and  Con- 
trolled by  P.  R.  R.,  Jan.  let,  1S85. 

From  MR.  JOHN  KENNEDT,  Chief  Engineer 

of  Harbors,  Montreal,  Canada. 
Annual  Reps,  of  Harbor  Commissioners  for  1884. 

From  the  SPICKET  RIYER  YALLBT   COM. 

MISSION ER8,  Lawrence,  Mass. 
3d,  4th  and  6th  Quarterly  Reports,  1884. 

From  MR.  GEO.  E.  EYAN8,  City  Engineer, 

Lowell,  Mass. 

12th  Annual  Report  Lowell  Water  Board.    1885. 

From  MR.  SAMUEL  M.  GRAT,  City  Engineer, 

Providence,  R.  I. 
Proposed  Plan  for  a  Sewerage  System.    1884. 

From   MR.  JOHN  COLLETT,   State  Geologist, 

Indianapolis,  Ind. 
Reports— 1883  and  1884.    Boand. 

From  HON.  W.  R.  YAUGHAN,  Mayor  of 
«  Coaocil  Bluffs,  Iowa. 

Third  Message— March,  1&S6. 

From  MR.  W.  B.  KNIGUT,  City  Engineer, 
Kansas  City,  Mo. 
Report  for  1884. 

From  MR.  RICHARD  B.  OSBORNE,  Civil 
Engineer,  Phila. 
Worn  wag  Bridge,  Phila.— Framed  Print. 

From  MESSRS.  ROBERT  GLENDENNING   ft 

CO.,  Phila. 
The  Manual  of  Statistics— 1886. 

From  the    Author,   MR.   C.  A.  ASHBURNER, 

Member  of  the  Club. 
Sketch  of  Geology  of  Carbon  Co.,  Pa.— 1884. 

From  the  Author,  DR.  H.  M.  CHANCE,  Member 

of  the  Club. 
The  Relative  Yalue  of  Coals  to  the  Consumer — 
1886. 
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[Proa  Eng.  Club, 


From  MAJ.  H.  W.  GLABKE,  M«mber  of  the 

Club. 

SaperTisor'a    Manaal,    Onondaga   Co.,   N    T., 

1884-A. 
Proceodlngi  of  Board  of  City  Auditors,  Syracuse, 

N.  Y.,  1885. 

From  MR.  THOMAS  C.  CLARKE,  Member  of 

the  Clab. 

Van  Kostrand's    Btaglneering    Magazine — 1849 

(Vol.  I)   to  1878,  both  inelnslTe,  bound, 

and  1879  to  1884,  both  inclusiTe,  In  paper. 

From>  MR.  CHA8.  H.  HASWELL,  Member  of 

the  Club. 

Lundborg — Improvements  in  Naval  Architect- 
ure, Trans.  American  Taoht  Club,  1885. 

From  the  Author,  MR.  E.  8.  HUTCHINSON, 

Member  of  the  Club. 
Notes  on  Coal  Dust  In  Colliery  Explosions. 

From  MR.  CHAS.  M.  JARVIS,  Member  of  the 

Club. 
Six  Large  Bridge  Photographs.    Framed. 


From  MR.  R.  H.  SOULE,  Member  of  the  Club. 
Anthracite  Loeomotive  No.  i4,  N.  T.,  W.  8.  ft 
B.  R.  R.— Framed  Photograph. 

From  MR.  P.  A.  TATLOR,  Member  of  the  Club. 
Specimen  Wooden  Water  Pipe,  Laid  by  Stephen 

Girard,  in  1834,  in  Mahanoy  Valley,  Pa. 
Chillson — Report  of  Rain  and   Snow  Fall  in 

Palo  Alto,  Schuylkill  Co.,  Pa.,  during  1884. 

From  MR.  JOHN  C.  TRAUTWINB,  JR.,  Mem- 

ber  of  the  Club. 
Trautwine*s  Engineers*  Pocket  Book— New  Re- 
vised  and  Enlarged  Edition.  1885.  Bound. 
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Association  of  Dominion  Land  Surveyors,  Pres- 
ton, Ontario. 

Department  of  Internal  Affairs  of  Pennsylvania, 
Harrlsburg. 


CHANGES  IN  LIST  OF  MEMBERS. 


Active. 
Additions^  January  24ih^  i88s» 

Jarvis,  Chas.  M.,  Vice  Pres.  and  Chief  Engr.  Berlin  Iron  Bridge  Co., 

East  Berlin,  Conn. 
Ores  welly  Saml.  J.,  Iron  Founder, 

23d  and  Cherry  St.,  Phila. 
Ward,  Jos.  S.,  Asst.  Supervisor  P.  &  R.  R.  R., 

9th  and  Columbia  Ave.,  Phila. 
Dunne,  H.  W.,  Supt.  N.  Y.,  Phila.  &  Norfolk  R.  R., 

Cape  Charles,  Va. 
Levering,  Wm.  M.,  P.  A.  Engr.  Wilson  Bros.  &  Co., 

435  Chestnut  St.,  Phila. 
McArthur,  Chas.  P.,  Asst.  Engr.  P.  R.  R., 

Altoona,  Pa. 
Fontaine,  John  B.,  Mech.  Engr.  Eagle  Iron  Works, 

1646  Franklin  St.,  Phila. 
Hood,  Geo.  G.,  Asst.  Engr.  P.  &  R.  R.  R., 

Mt.  Airy,  Phila. 
Newbold,  John  D.,  Mech.  Engr.  and  Mfr., 

Eagle  Works,  Norristown,  Pa. 
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Reilly,  T.  A.,  Engineer  and  Contractor, 

Pottsville,  Pa. 
Taft,  P.  W.,  Mech  Engr.  Vulcan  Steel  Works, 

234  N.  Front  St.,  Phila. 
Middleton,  Jr.,  C.  H.,  Civil  Engr., 

Greensburg,  Westmoreland  Co.,  Pa. 

Adaiiions^  March^  Ith^  iS8s* 

Sims,  A.  W.,  Engr.  and  Supt.  E.  Broad  Top  R.  R.  and  Furnaces, 

Orbisonia,  Huntingdon  Co.,  Pa. 
Osborne,  Percy  T.,  Civil  Engineer, 

302  Walnut  St.,  Phila. 
Storrs,  A.  H.,  Supt.  J.  Langdon  &  Co.  Collieries, 

Shamokin,  Pa. 
Dunbar,  Wm.  O.,  Mech.  Engr.  Signal  Depot  P.  R.  R., 

233  S.  4th  St.,  Phila. 
.  Janney,  Morris  P.,  Mech.  and  Blast  Furnace  Engr., 

Pottstown,  Montgomery  Co.,  Pa. 
Henderson,  John  W.,  Mech.  Engr.  Wharton  Switch  Co., 

1306  Arch  St.,  Phila. 
Hovrland,  Arthur  H.,  Civil  Engineer, 

U.  S.  Hotel,  Boston,  Mass. 
Ford,  P.  D.,  Supervisor  Div.  C,  N.  Y.  Div.  P.  R.  R., 

Tacony,  Phila. 
Nichol,  J.  H.,  Supervisor  W.  J.  R.  R., 

Millville,  N.  J., 

Additions,  May  2d^  188^- 

Hirsh,  Harry  B., 

131 8  Marshall  St.,  Phila. 
Price,  Geo.  B.,  Mech.  Engr.  Baldwin  Locomotive  Works, 

128  N.  1 2th  St.,  Phila. 
Schutte,  Louis,  Mech.  Engr.  and  Machinist, 

1 2th  &  Thompson  Sts.,  Phila. 
Livingston,  Max,  Supt.  Atlantic  Refining  Co., 

307  Walnut  St.,  Phila. 
Gill,  John  L., 

32  N.  sth  St.,  Phila. 
Dodge,  W.  F.,  L.  &.  W.  Coal  Co., 

Wilkes-Barre,  Pa. 


94  Changes  in  List  of  Members,  [Proc  Eng.  Club, 

Mitchell,  S.  P.,  Res.  Engr.  Phila.  Branch  B.  &  O.  R.  R., 

North  East,  Md. 
Burr,  Wm.  H.,  Phoenix  Bridge  Co., 

Phoenixville,  Pa. 
Thompson,  Heber  S.,  Civil  and  Mining  Engr.  Girard  Estate, 

Room  14,  Morris  Building,  Pottsville,  Schuylkill  Co.,  Pa. 
Hoyt,  Wm.  J.,  Engineer  and  Machinist, 

Columbia,  Pa. 
Taylor,  Frank  H.,  Sec.  and  Treas.  Manly  &  Cooper  Mfg.  Co., 

426.  and  Elm  Ave.,  Phila. 

Additions^  yune  20th,  iSSj- 

Longstreth,  Edward.,  Mech.  Engr.  Baldwin  Locomotive  Works, 

500  N.  Broad  St.,  Phila. 
Sundstrom,  C.  A.,  Asst.  Engr.  P.  R.  R., 

Sumac  St.,  Wissahickon,  Phila. 
Sims,  H.  N.,  Civ.  and  Min.  Engr., 

Orbisonia,  Huntingdon  Co.,  Pa. 
Garrison,  F.  L.,  Min.  and  Metallurgical  Engr., 

Radnor,  Del.  Co.,  Pa. 
Felton,  Herbert.  C,  Sec.  and  Treas.  and   Supt.  Kaighn's  Pt.  and 

Phila.  Ferry  Co.,  Camden,  N.  J. 
Hewitt,  Geo.  W.,  Architect, 

310  Chestnut  St.,  Phila. 
Martin,  W.  K.,  Asst.  Engr.  P.  W.  &  B.  R.  R., 

Wilmington,  Del. 
Mitchell,  A.  G.,  Asst.  Supervisor  P.  R.  R., 

Spruce  Creek,  Huntingdon  Co.,  Pa. 
Forsythe,  Wm.  T.,  Asst.  Engr.  Phila.  Water  Dept., 

Box  838,  Phila.  P.  O. 
Taylor,  Chas.  E.,  Asst.  Engr.  Phila.  Water  Dept., 

816  N.  2ist  St.,  Phila. 
Cheyney,  Geo.  S.,  Jr.,  Asst.  Engr.  Phila.  Water  Dept., 

Cheyney,  Delaware  Co.,  Pa. 
Johnston,  Edward  H.,  Supt.  Wharton  Switch  Co., 

3720  Hamilton  St.,  Phila. 
^Vyeth,  Charles,  Civil  Engr., 

New  Dorp,  Staten  Id.,  N.  Y. 
Baizley,  Rudolph,  Mech.  Engr., 

522  S.  Delaware  Ave.,  Phila. 
Corthell,  E.  L.,  Chief  Engr.  Tehuantepec  Ship  Ry., 

Room  709,  34  Nassau  St.,  N.  Y. 
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Atlee,  Walter, 
Dean,  F.  W., 
Heuer,  W.  H., 
Stovell,  A.  B., 
Turk,  J.  C, 
Bankson,  Lloyd, 
Rudiger,  Jr.,  J.  M. 

^Vootten,  Frederic  Copeland,  November  i6th,  1884. 
Faunt  Le  Roy,  Arthur  Robert,  December  36th,  1884. 
Lorenz,  William,  December  39th,  1884. 
Shedaker,  David  Hudson,  February,  5th,  1885. 
^Vo^rall,  James,  April,  ist,  1885. 

Associate. 

Transferred  from  Active  List. 

Tov^nsend,  Edw.  Y., 
To^Krnsend,  John  W. 

Additionst  ^une  20th,  i8Sj. 

Moorhead,  Wm.  S.,  Mfr.  Terra  Cotta  Pipe,  etc., 

II  S.  7th  St.,  Phila. 
Stravrbridge,  W.  C,  Patent  Law,  and  Patent  Soliciting, 

903  Walnut  St.,  Phila. 
Taylor,  J.  Bonsall,  Patent  Law,  and  Patent  Soliciting,  ' 

903  Walnut  St.,  Phila. 
Sch^ivacke,  Justus  H.,  Agt.  Wm.  Sellers  &  Co., 

1600  Hamilton  St.,  Phila. 

Statement  of  Membership  to  June  20th,  inclusive^  iSB^,   . 
Honorary,  3  \  Corresponding,  5 ;  Active,  399 ;  Associate,  6. 


96  Book  Notieea.     [Proc.  Eng.  Club,  PhUa.,  1885,  V,  1.] 

BOOK  NOTICES. 

The  Civil  Engineers*  Pocket  Book,  by  John  C.  Trautwine, 
C.  E.  Twenty-second  thousand,  revised,  corrected  and  en- 
larged by  John  C.  Trautwine,  Jr.,  C.  E.  New  York,  John 
Wiley  &  Sons,  1885. 

The  long  expected,  revised  edition  of  Trautwine's  Pocket  Book 
has  at  last  appeared,  and  we  give  it  a  hearty  welcome.  A  book 
that  has  proved  its  value  to  the  profession  by  a  public  demand 
for  22,000  copies,  seems  above  criticism  on  the  part  of  one  of  the 
perhaps  less  than  that  number  of  civil  engineers  in  the  country, 
and  we  are  not  presumptuous  enough  to  attempt  it.  We  there- 
fore only  call  the  attention  of  our  brethren  to  some  facts  that 
increase  the  value  of  this  edition  over  its  predecessors.  In  the 
first  place  many  mechanical  improvements  have  been  introduced. 
Matter  bearing  on  a  subject,  where  separated  before,  has  now 
been  brought  together  in  the  same  part  of  the  book,  and  the 
arrangement  revised  into  a  rational  system.  Several  new  tables 
have  been  added,  whose  standard  of  accuracy  has  been  as  jeal- 
ously guarded  and  steadily  maintained  as  those  of  previous 
editions.  Much  information  in  regard  to  water  pipe,  wire  ropes 
and  prices  of  materials  have  been  added.  More  complete  tables 
of  the  strength  of  American  timber  and  American  iron,  and 
American  types  of  boiler  plate  bridges  are  given.  The  portion 
in  stresses  in  trusses  does  not  seem  to  be  altogether  in  place  in 
the  book.  The  method  of  treating  them  too  seems  cumbrous, 
and  we  think  some  special  manuals  on  bridge  construction  ^re 
to  be  preferred.  The  contractor  will  find  valuable  information 
on  rock  drills  and  explosives,  as  well  as  the  modern  methods  of 
earth  excavations  by  drag  scrapers  and  steam  excavators.  We 
especially  call  the  attention  of  members  of  the  Club  to  the  in- 
genious formula  on  page  254,  for  the  discharge  through  a  com- 
pound pipe,  since  it  has  been  devised  by  our  Secretary.  It  is, 
we  believe,  the  only  one  that  has  ever  been  proposed  for  such  a 
case.  In  conclusion,  we  are  glad  to  state  that  the  want  of  earlier 
editions  of  a  complete  index  has  now  been  very  satisfactorily 
overcome,  thirty-four  pages  being  occupied  with  this  most  essen- 
tial feature  of  such  a  book. 

C . 


THE  FHOSn-BBONZE  SHELTING  CO.,  LiUlD, 

S12  Arch  Street,  Philadelphia,  Pa. 


'O40nci-  'Z^i€^nze. 


Owners  of  U.  S.  Phosphor- Bronze  Patents. 
Sole  Manufacturers  of  Phosphor-Bronze  in  the  United  States. 


PHOSPHOR-BRONZE  CASTINGS. 

Wire,  Bodi,  Pomp  Eodi,  Nnti,  Bolta,  Shgeta,  Wood  Sorairi,  Wire 
Kopei,  Wire  ClotH,  etc,,  etc. 

Boiler  Maker 

—AND— 

,  BLACKSMITH, 

XA8KER    STREEX   WHARF, 

'  PHILADELPHIA. 


Boiler  repairs  a  specialty.     Tanks  and  Slicet  Iron  work  done  at  tlie 

shortest  notice  and  in  the  best  manner.      Estimates 

furnished  on  application. 


The   Deane   Steam  Ptiinp    Co., 

HOLYOKE,    MASS. 
New  York.  Boston.  Philadelphia.  CHtOAOO,  St.  Louis. 


^MANUPACTURB^ 


STEAM  PUMPlNg  MAGHINERY  OF  EVERY  VARIETY. 


-Water  Works  Pumping  Engines  a  Specialty^ 

Sonil  for  Nawr  IlluBli-Bted  Catalogu*,  No.  Ol. 


Vol.  V  No.  2. 


OF  THE 


ENGINEERS'  GLOB  OF  PHILADELPHIA. 


CONTENTS. 

Till.    Faat  PMMnger  LoeomotiTes.    By  T.  Btbsbtt  Avstiit  .  .  • 97 

IX.    Tht  SehnjlkiU  RWer  But  Side  Bailroad  Company.    By  G.  W.  Bdchholz 102 

X.    Stenograpbic  Projection— Practieal  Methods.    By  Peov.  L.  H.  Babraeo 108 

ZI.    The  Batt4-Bag  Embankment  acroae  Little  Inlet,  Brlgantine  Beach,  If .  J.    By  Pbkct 

T.  OtBOKlTB  • 117 

XII.    BelatiTe  Costa  of  Fluid  and  Solid  Fuels.    By  Jambs  Bbattt,  Je 120 

XIII.    Repairs  to  the  Philadelphia  Traction  Company's  Conduit.    By  Prop.  L.  M.  Haupt         120 
Bbpbexvob  Book:   Sealea  of  Maps— ▲  Co-ordinate  Method  of  Ascertaining  Dis. 
taneea  in  Rectangular  Cities— Relative  Cost  of  Haulage  in  the  Anthraeite 
Mines  of  Penna.,  by  Mules  and  LoeomotlTes— The  Blue  Print  Process— Bepro- 

dnetiOE  of  Dra'wlngs  in  Blue  Lines  on  White  Ground ISS 

KOTES  AJno  CoMM UHioATiovs  :  Description  of  the  Construction  and  Manner  of  Turn, 
iug  of  the  Large  Hoisting  Drums  of  the  Calumet  and  Hecla  Mining  Co. — A  Large 
Land  Dredge— The  Artesian  (?)  Wells  of  New  York  City— An  Automatic  Car 
Coupler— The  Old  Wernwag  Bridge  at  Philadelphia— Sewerage  Work  at  At- 
lantic City,  N.  J.— The  Beaumont  Rock  Drill— The  Purification  of  Sewage— 
The  Bomp  Coal  Chute— Improved  Protractor— The  Pollution  of  the  Upper 

Schuylkill — A  Proposed  Review  of  Engineering  Literature 163 

Abstract  of  Minutes  of  Meetings 163 

Contributions  to  the  Library 170 

Book  Notice 172 


PabUsM  Qtuffttriy  at  Ho.  1122  Cinrd  St.,  PUladdpiiia,  Pa. 

AUQUST,  1886. 


Bubseription  I^riee,  $5,00  p&r  vduine. 

e 

Entered  at  the  Philadelphia  Post  OfBce  as  Second  Class  Matter. 


ENGINEERS'  CLUB  OF  PHILADELPHIA. 


House  No.  1122  QlRARO  STREET. 

Philadelphia,  pa. 


OFFICERS  FOR  1885. 


I^esident, 
J.  J.  DE  KINDER. 

Vice-Ptmdent, 
JOSEPH  N.  Du  BARRY. 

■ 

I 
Board  of  Directors, 

T.  M.  CLEEMANN,  RUDOLPH  HERING,  ' 

FREDERIC  GRAFF,  Col.  WILLIAM  LUDLOW,      ^ 

HENRY  G.  MORRIS. 

Secretary  and  Treasurer , 
HOWARD  MURPHY. 


STANDING  COMMITTEES  OF  BOARD  OF  DIRECTORS:  -J 

On  Finance — Frederic  Graff  and  Henry  G.  Morris.  1 

On  Membership — ^Joseph  N.  Du  Barry  and  Henry  G.  Morris.  ■ 
On  Publication — ^T.  M.  Clbemann  and  Col.  William  Ludlow.  ! 
On  Library — Rudolph  Hering  and  T.  M.  Cleemann.  .[ 


•  ^  »  »  • 


meetings  :  ^ 

Annual  Meetinff — ^2d  Saturday  of  January.  ^ 

Regular  Meetings — 1st  and  3d  Saturdays  of  month,  at  8  p.m.       -i 
Busi/ness  Meetings — ^When  ordered  by  the  President,  the  Board,  or? 
at  the  request  of  five  Active  Members  of  the  Club.  ] 

The  Board  of  Directors  meets  on  the  3d  Saturday  of  each  month,: 

-I 

t 


OF  THE 


ENGINEERS'  CLUB  of  PHILADELPHIA. 

ORGANIZED  DECEMBER  17th,  1877. 

Note. — ^The  Club,  as  a  body,  is  not  responsible  for  the  facts  and  opinions  advanced 
in  its  publications. 

VoL  v.]  AUGUST,  1885.  [No.  2. 

VIII. 


FAST  PASSENGER  LOCOMOTIVES. 

By  T.  EvBBETT  Austin,  Member  of  the  Club. 
Bead  May  2d,  1885. 

The  proper  design  for  a  locomotive  that  should  be  capable  of 
developing  a  high  speed  (of  say  60  miles  an  hour)  under  ordi- 
nary conditions  of  travel,  and  that  should  be  both  economical 
and  powerful  in  practice,  is  a  problem  that  has  engaged  the 
attention  of  engineers  and  master  mechanics  of  railroads  from 
the  time  of  the  "  Old  Ironsides  "  until  the  present  day.  Some  of 
the  more  recent  efforts  in  this  direction  have  been  the  Fontain 
Locomotive  of  glorious  memory  and  the  "Baldwin  Bicycle.". 
Turning  to  those  that  are  to-day  doing  good  service,  we  might 
mention  first,  what  the  American  Machinist,  of  January  7th,  1882, 
calls  the  swiftest  American  locomotive,  and  from  which  issue  the 
following  description  is  taken : 

"With  the  rapidly  increasing  passenger  traffic  upon  the  rail- 
roads  in  this  country  has  also  come  the  necessity  of  increased 
speed,  and  to-day  all  the  railroad  companies  controlling  trunk 
lines  are  striving  with  each  other  to  see  which  can  make  the  best 
time  with  express  trains." 

"The  Master  Mechanics'  Association  have  a  standing  com- 
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mittee  appointed  to  determine  which  is  the  best  form  of  fast 
passenger  locomotive.  The  locomotive  builders  are  also  ex- 
ercising their  brains  actively  in  endeavoring  to  produce  a 
locomotive  that  shall  combine  power,  speed  and  economy,  three 
essential  requisites  in  accomplishing  the  service  desired.  *  *  * 
A  locomotive  lately  built  by  the  Baldwin  Locomotive  Works  of 
Philadelphia,  for  the  Central  Railroad  of  New  Jersey.  *  *  * 
This  locomotive  is  considered  by  its  builders  to  be  their  best 
design.  *  *  *  Four  locomotives  *  *  two  with  18  in.  X  24  in. 
cylinders,  and  two  with  19  in.  X24  in.  cylinders  are  now  running. 
*  *  In  general  appearance  it  *  *  resembles  the  usual  style 
of  first-class  eight-wheel  locomotives,  but  with  some  very  im- 
portant improvements.  In  order  to  supply  steam  to  larger  cylin- 
ders, a  larger  furnace,  more  heating  surface  and  greater  boiler 
capacity  are  required.  In  the  ordinary  passenger  locomotive 
the  boiler  sets  inside  the  frames,  and  the  necessary  water  spaces 
at  either  side  of  the  fire-box  greatly  reduces  the  width  of  it. 
These  water  spaces  are  made  as  small  as  is  considered  safe,  in 
order  to  get  the  necessary  grate  surface;  to  overcome  one  evil 
another  is  introduced,  since  the  introduction  of  anthracite  coal 
as  a  fuel  upon  locomotives,  a  larger  heating  surface  is  required ; 
at  first  only  the  best  quality  was  used,  but  lately  coal  dust  has 
been  successfully  burned  to  some  extent.  *  *  *  Boilers  have 
recently  been  placed  upon  the  top  of  the  frames  which  admits 
of  their  being  made  as  wide  or  wider,  if  necessary,  than  the  out- 
side of  the  frames.  This  improvement  admits  of  a  wider  fire-box 
and  larger  water  spaces,  but  the  boiler  sets  higher,  and  the  depth 
of  the  fire-box  is  very  much  reduced." 

The  following  are  some  of  the  principal  dimensions:  Gauge  of 
road,  4  ft.  8J  in.  Boiler  material,  Otis  steel,  f  in.  thick.  Shell  52 
in.  diameter.  Style,  wagon  top.  Fire  door,  16  in.  diameter. 
Dome,  32  in.  diameter.  Fire-box,  125J  in.  long  X  43f  in.  wide, 
corrugated  sides.  Depth,  front,  51|  in.,  back  42J  in.  Crown  sheet, 
f  in.  thick.  Tube  sheet,  J  in.  thick.  Sides  J  in.,  and  back  -^^  in. 
thick.  Water  spaces,  front,  4  in.  Sides  and  back  3  in.  Crown 
bars  5  in.  X  f  in.,  placed  1|  in.  above  crown.  Crown  bar  bolts  i 
in.,  screwed  through  sheets  with  nut  below.  Combustion  chamber 
5  in.  long.    200  tubes  2  in.  diameter  X  11  ft.  5J  in.  long.  No.  12> 
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wrought  iron  ends,  arranged  for  copper  rings.  F.  B.  end,  wrought 
iron  dry  pipe,  8  in.  diameter.  Grate  water  tubes  2J  in.  diameter. 
Drain  grate  area,  38  sq.  ft.  Heating  surface  in  fire-box  145  sq.  ft. 
In  tubes  1,175  sq.  ft.  Total,  1,320  sq.  ft.  Steam  pressure  140 
lbs.  per  sq.  in.  Rigid  wheel  base  7  ft.  6  in.  Total  wheel  base  21 
ft.  8  in.  Weight  in  working  order  93,000  lbs.  Cylinders  18  in. 
diameter  X  24  in.  stroke.  Driving  wheels  68  in.  diameter.  Driv- 
ing axle,  Otis  steel  journals,  7J  in.  diameter  X  8J  in.  long. 
Smoke  stack,  straight,  16f  in.  diameter  X  14  ft.  10  in.  height 
above  rail.  Truck,  four-wheel  swing  bolster,  32  in.  diameter  of 
wheels.    Journals  5J  in.  diameter  X  8  in.  long. 

Class  K,  Pennsylvania  Railroad  locomotives,  were  designed 
to  run  in  opposition  to  the  engine  just  described,  and  while  they 
give  very  good  results  for  an  ordinary  eight-wheel  American 
locomotive,  do  not,  I  understand,  equal  in  performance  and  econ- 
omy all  that  might  be  expected  of  them. 

The  general  design  of  these  engines  are  probably  so  well 
known  to  the  members  of  the  Club  as  not  to  require  description. 
Some  of  the  dimensions  are:  Gauge  of  road  4  ft.  9  in.  Cylinders 
18  in.  diameter  X  24  in.  stroke.  Drivers  78  in.  diameter.  Driv- 
ing wheel  journals  8  in.  diameter  X  lOJ  in.  long.  Total  weight 
92,700  lbs.,  or  drivers  65,300  lbs.  Wheel  base  rigid  7  ft.  9  in. 
Total,  22  ft.  7J  in.  Wagon  top  boiler  50  in.  diameter,  201  tubes 
1^  in.  diameter  X  10  ft.  lOJ  in.  long.  Fire-box  9  ft.  11 J  in.  long 
X  3  ft.  5f  in.  wide.  Grate  surface  34.8  sq.  ft.  Heating  surface  in 
tubes  1,085  sq.  ft.  In  fire-box  120  sq.  ft.  Total,  1,305  sq.  ft.  En- 
gine  truck,  four-wheel  rigid  bolster  wheels,  33  in.  diameter.  Jour- 
nals 4f  in.  diameter  X  7J  in.  long. 

Turning  next  to  the  "  Wootten  "  passenger  locomotive,  designed 
for  the  same  service,  we  find  the  dimensions  of  Type  D  33  to  be : 
Boiler  53  in.  diameter  at  smallest  ring  tapering  back  to  58f  in.  at 
joint  of  fire-box.  Fire-box  8  ft.  6  in.  long  X  8  ft.  0  in.  wide  inside. 
Combustion  chamber  31  in.  long.  345  tubes  IJ  in.  diameter  X  9 
ft.  2  in.  long.  Grate  surface  68  sq.  ft.  Heating  surface  tubes 
1,232  sq.  ft.  Fire-box  151  sq.  ft.  Combustion  chamber  32  sq.  ft. 
Total,  1,415  sq.  ft.  Cylinders  18J  in.  diameter  X  22  in.  stroke. 
Drivers  68  in.  diameter.  Rigid  wheel  base  6  ft.  5  in.  Total 
wheel  base  20  ft.  5J  in.  Stack  18  in.  diameter.  Weight  on  drivers 
60,780  lbs.    Total  weight  89,750  lbs. 
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The  "G.  F.  Ward,"  for  the  New  York,  Providence  and  Boston, 
and  the  'Pegasus/  for  the  Boston  and  Lowell  Railroad,  will  illus- 
trate the  best  practice  of  the  high  speed  engines  of  the  R.  I.  Loco- 
motive Works.  These  two  engines  are  nearly  alike,  the  dimen- 
sions being:  Track  gauge  4  ft.  8 J  in.  Cylinders  18  in.  diameter  X 
24  in.  stroke  of  piston.  Boiler  52  in.  diameter.  184  tubes,  2  in. 
diameter  X  142|  in.  long.  Fire-box  71 J  in.  long  X  34  in.  wide. 
Drivers  72  in.  diameter.  Rigid  wheel  base  102  in.  Total  wheel 
base  279  in.  Engine  track,  four-wheeled  swing  bolster  wheels, 
33  in.  diameter.    Weight  on  drivers  59,000  lbs. .  Total,  91,000  lbs. 

The  recently  finished  Mason  Passenger  Locomotive  for  high 
speed,  designed  by  the  Superintendent,  John  T.  Meats,  has  at- 
tracted considerable  notice  in  the  Eastern  States.  In  these  en- 
gines care  has  been  taken  to  increase  the  size  of  all  wearing  parts, 
new  cylinders  and  all  other  working  parts  being  carefully  gone 
over,  and  we  may  expect  from  these  engines  as  good  perform- 
ances as  are  possible  to  be  got  out  of  the  standard  American  type. 
The  dimensions  are:  Cylinders  18  in.  X  24  in.  Driving  wheels 
68 J  in.  diameter.  Rigid  wheel  base  9  ft.  Total  wheel  base  23  ft. 
4  in.  Weight  in  working  order  102,000  lbs.  On  drivers  68,000 
lbs.  Boiler  style,  wagon  top,  54  in.  diameter.  Material  steel 
■^  in.  thick.  212  tubes  2  in.  diameter  X  11  ft.  2  in.  long.  Fire- 
boxes 78  in.  long  X  35  in.  wide,  75  in.  high.  Driving  axle  jour- 
nals 8  in.  diameter  X  8  in.  long.  Engine  truck,  four-wheeled 
swing  bolster  wheels,  30  in.  diameter.  Journals  5^  in.  diameter 
X  11  in.  long. 

After  the  foregoing  description  of  what  has  been  done  in  the 
way  of  fast  passenger  locomotives  of  the  standard  American  pat- 
tern, which  are  acknowledged  by  all  as  not  filling  the  bill  of 
what  is  required  in  these  days  of  fast  travel  and  heavy  trains, 
the  writer  would  beg  to  call  your  attention  to  the  following 
design  for  a  fast  passenger  locomotive.  Would  state  in  the  be- 
ginning that  there  is  to  my  best  knowledge  and  belief  nothing 
in  this  design  covered  by  a  patent,  and  if  it  is  of  use  to  any  one, 
they  are  welcome  to  it.  We  do  not  claim  anything  absolutely 
original  in  this  locomotive,  all  of  the  pieces  for  the  most  part 
being  "old  friends  with  new  faces."  The  general  plan  is  shown 
by  the  accompanying  illustration.    Some  of  the  peculiarities  of 
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this  engine  are,  first,  the  twin  fire-boxes.  Boilers  of  this  style 
were  designed  by  Mr.  E.  D.  Leavett,  Jr.,  and  built  for  the  Boston 
Sewerage  Engine,  and  are  to-day  giving  first-class  results.  The 
only  departure  I  have  made  from  his  design  is  in  using  the  Bele- 
pare  top,  which  makes  a  better  arrangement  of  stays,  and  in  the 
divided  combustion  chamber  which  gives  a  better  circulation. 
Another  departure  from  the  American  locomotive  is  in  carrying 
the  four-wheel  truck  entirely  in  front  of  the  cylinder  and  connect- 
ing to  the  back  driver.  The  object  of  this  is  to  get  the  weight  of 
the  cylinders  nearly  all  on  the  drivers,  and  so  do  away  with  that 
amount  of  dead  weight,  which  in  ordinary  locomotives  has  to  be 
carried,  by  placing  no  more  weight  on  the  front  truck  than  is 
absolutely  necessary  to  make  the  engine  track  well.  In  some 
cases  a  pony  or  two-wheeled  truck  might  be  used,  but  where  high 
speed  is  required  and  the  track  is  not  perfectly  straight,  the  dan- 
ger of  being  derailed  is  so  great  with  a  two- wheeled  truck  in  front, 
that  not  many  American  master  mechanics  would  have  the  hardi- 
hood to  use  them. 

With  the  style  of  truck  here  shown,  the  engine  may  be  run 
with  the  same  degree  of  safety  as  an  ordinary  eight-wheeled  en- 
gine. This  way  of  carrying  the  truck  in  front  of  the  cylinders  is 
very  often  used  in  the  Old  World. 

General  Specifications  for  a  Fast  Passenger  Locomotive 

Engine. 

General  dimensions:  Cylinders,  19  in.  diameter,  24  in.  stroke. 
Two  pairs  of  coupled  driving  wheels  6  ft.  0  in.  diameter,  with  a 
4-wheeled  swing  bolster  truck  in  front  of  cylinder  and  one  pair 
of  trailing  wheels  under  fire-box  back  of  drivers.  Gauge  of  road, 
4  ft.  8J  in.  Fuel,  hard  or  soft  coal.  Weight  of  engine  in  work- 
ing order,  103,000  lbs.;  on  drivers,  87,000  lbs.;  on  truck,  10,000 
lbs.;  on  trailing  wheels,  5,000  lbs.  Wheel  base,  driving  7  ft., 
rigid,  15  ft.  7  in.  Total  of  engine,  29  ft.  2  in.  Boiler,  cylinder 
part  and  outside  fire-box,  of  Otis  steel,  -^^  in.  thick,  riveted  with 
I  in.  rivets,  placed  not  over  2  J  in.  from  centre  to  centre,  all  seams 
to  be  double  riveted.  Diameter  at  front  end  to  be  60  in.,  made 
straight  with  one  dome  placed  on  middle  of  boiler,  32  in.  in 
diameter,  and  30J  in.  high.     Smoke-box,  extended,  61J  in.  in 
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diameter  and  92J  in.  long,  made  of  f  in.  iron.  Fire-boxes  to  be 
8  ft.  long,  46  in.  wide  at  bottom,  and  57  in.  deep  inside,  made  of 
steel.  Crown,  f  in.  thick;  sides,  -^  in.  thick.  Fire  door  sheet 
f  in  thick.  Combustion  chamber,  38  in.  deep,  52  in.  wide  and  42 
in.  long.  Inside  tube  sheet,  J  in.  thick.  The  sides  and  crown  to 
be  stayed  with  J  in.  stay  bolts,  screwed  through  and  riveted  over, 
placed  not  over  4J  in.  centre  to  centre.  Water  spaces,  4J  in. 
front,  3J  in.  sides,  tapering  to  4J  in.  at  crown,  4J  in.  in  centre, 
tapering  to  6  in.  at  crown.  Tubes  of  iron,  200  in  number,  2  in. 
0.  S.  diameter.  No.  12,  W.  G.  thick,  10  ft.  0  in.  long,  set  with  cop- 
per rings  on  fire-box  ends. 

Heating  surface,  tubes,        ....     1040  sq.  ft. 

fire-box,     .        .        .        .      200     " 
"  "        combustion  chamber,        .        50     " 


total,         ....     1290     " 

Smoke  stack,  straight,  18  in.  diameter.  Frames  of  best  ham- 
mered iron  4  in.  wide,  with  pedestal  and  braces  welded  in. 
Front  rails  bolted  and  keyed  to  main  frames,  and  pedestals  pro- 
tected by  cast  iron  wedges  and  shoes,  the  pedestal  being  con- 
nected at  bottom  by  cast  iron  thimbles  and  bolts.  Driving 
wheels,  four  in  number,  72  in.  diameter.  Centres  of  best  cast 
iron,  with  hubs  and  rims  cored  out,  the  centres  turned  to  66  in. 
diameter  for  tires  to  be  shrunk  on.  Tires  of  best  cast  steel,  3  in. 
thick,  both  pairs  flanged  6  in.  wide.  Driving  axles  of  best  ham- 
mered iron;  journals,  8  in.  diameter,  10  in.  long. 


IX, 


THE  SCHUYLKILL  RIVER  EAST  SIDE  RAILROAD  COMPANY. 

By  C.  W.  BucHHOLZ,  Member  of  the  Club. 
Bead  May  16M,  1885. 

Ever  since  the  Philadelphia,  Wilmington  and  Baltimore  Rail- 
road has  been  absorbed  by  the  P.  R.  R.  system,  and  since  the 
decisions  adverse  to  the  interests  of  the  P.  &  R.  R.  R.,  of  the  long 
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pending  suits  about  the  Junction  Railroad,  the  P.  &  R.  R.  R.  has 
been  deprived  of  its  influence  in  the  Junction  Railroad,  and 
thereby  of  its  railroad  connections  with  the  southern  part  of  the 
city  and  with  its  own  Chester  Branch.  These  facts  have  made  it 
of  vital  importance  to  establish  a  new  link  through  Philadelphia, 
to  offer  connections  not  only  to  the  interests  above  referred  to, 
but  also  to  the  new  line  now  building  from  Baltimore,  which 
was  called  into  being  by  the  established  monopoly  of  the  Penn- 
sylvania Railroad  between  these  two  important  cities;  a  monopoly 
that  virtually  controls  the  traffic  between  the  metropolis  and  the 
capital  of  this  country.  The  Philadelphia  Branch  of  the  B.  &  0. 
R.  R.  now  under  construction  and  nearly  completed  to  the  county 
line  of  Philadelphia,  has  to  find  a  way,  not  only  through  Phila- 
delphia to  New  York,  but  also  such  a  route  as  will  give  it  ample 
facilities  for  business  in  Philadelphia,  the  second  largest  city  in 
the  United  States.  There  is .  no  other  way  to  accomplish  this 
object,  except  by  a  connection  with  either  the  P.  &  R.  or  the 
Pennsylvania  Railroad.  No  money  consideration  could  buy  ter- 
minal facilities  in  Philadelphia  as  now  enjoyed  by  either  of  these 
large  corporations.  As  the  new  line  from  Baltimore  is  in  oppo- 
sition to  the  Pennsylvania  Railroad,  it  seems  to  follow  that  it 
miiet  find  a  suitable  connection  with  the  P.  &  R.  R.  R.  In  order 
to  meet  this  demand  the  Schuvlkill  River  East  Side  and  the 
Schuylkill  River  West  Side  Railroad  Companies  were  chartered 
in  the  interest  of  the  P.  &  R.  R.  R.  These  lines  were  at  once 
located,  right  of  way  settlements  were  commenced,  and  the  plans 
were  prepared  for  their  construction.  An  unusual  and  violent 
opposition  against  the  S.  R.  E.  S.  R.  R.,  the  line  finally  adopted, 
was  at  once  started. 

The  opposition  fought  the  location  of  the  bridge  over  the 
Schuylkill  River  below  Gray^s  Ferry  before  the  Port  Wardens;  the 
question  was  carried  over  their  decision,  behind  the  Tug  Boats 
Association,  to  the  Courts.  City  Council  was  induced  to  object  to 
the  building  of  the  proposed  railroad ;  before  Council  knew  of  any 
just  cause  to  object,  the  great  boulevard  scheme  was  resurrected 
and  obstructive  bills  were  filed  to  prevent  the  new  road  from 
crossing  at  grade  the  old  P.  W.  &  B.  R.  R.  at  Gray's  Ferry,  a  road 
that  has  been  virtually  abandoned  except  for  local  freight  pur- 
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poses.  To  meet  all  these  groundless  oppositions,  the  construction 
of  the  new  railroad-has  been  unnecessarily  delayed,  and  although 
some  of  the  much  debated  questions  have  been  decided  and 
settled  in  its  favor,  endless  litigation  is  still  in  store  for  it,  unless 
the  citizens  of  Philadelphia  by  their  overwhelming  approval  of 
the  new  line  will  silence  and  stop  all  further  selfish  interference. 
That  the  new  line  will  be  of  infinite  benefit  to  Philadelphia,  is 
so  self-Bvident  that  it  need  not  be  commented  upon  here;  eyery 
business  man  must  be  aware  of  it.  The  only  question  at  all 
open  to  fair  discussion,  is  the  one  of  location  of  the  new  line 
through  the  city.  Is  the  line  selected  by  the  S.  R.  E.  S.  R.  R.  Co. 
the  best  that  can  be  had  by  the  P.  &  R.  R.  R.  and  by  the  B.  &  O. 
R.  R.?  If  so,  it  is  also  the  best  for  the  traveling  public  and  for 
the  business  men  of  Philadelphia,  for  their  interests  are  identical 
with  the  railroads.  And  how  does  it  affect  the  established  high- 
ways and  streets  of  the  city  and  the  adjacent  properties?  It  is 
very  evident  that  these  questions  cannot  be  answered  by  merely 
examining  the  topography  of  the  city,  nor  by  any  of  the  ordinary 
methods  that  generally  fix  the  locations  of  railroads  in  an  open 
country.  The  fact  that  a  new  railroad  is  building  from  the 
south,  and  all  the  existing  rights  and  franchises  of  the  P.  &  R. 
must  be  taken  into  consideration  and  must  be  thoroughly  under- 
stood before  a  clear  and  just  decision  can  be  arrived  at. 

A  look  -at  the  map  of  Philadelphia  will  show  at  a  glance  that 
the  line  of  the  P.  &.  R.  R.  R.  on  Pennsylvania  Avenue  and  Willow 
Street  cuts  the  city  in  two  from  east  to  west,  and  forms  the  most 
southern  piece  of  track,  ignoring  the  Chester  Branch,  owned  by 
the  P.  &  R.  R.  R. 

The  New  York  Division  and  the  Germantown  and  Norristown 
Railroad  on  Ninth  Street  strike  these  tracks  at  right  angle,  and 
are  now  connected  by  a  curve  of  short  radius  for  the  transmission 
of  freight.  Keeping  these  facts  in  view,  and  remembering  also 
that  on  these  lines  of  the  P.  &  R.  R.  R.  now  established  for  nearly 
fifty  years,  large  manufactories  have  grown  up  and  all  the  freight 
and  passenger  stations  of  the  P.  &  R.  R.  R.  are  located,  and  con- 
sidering further  that  business  and  travel  have  accustomed  and 
adjusted  themselves  to  these  localities,  then  it  becomes  at  once 
self-evident  that  the  new  line  coming  from  the  south  must  strike 
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and  connect  with  the  P.  &.  R.  R.  R.  somewhere  between  the 
Schuylkill  and  the  Delaware  on  Pennsylvania  Avenue  or  Willow 
Street.  Three  such  lines  are  possible,  and  all  of  them  have  been 
surveyed  and  estimated.  They  have  been  carefully  considered 
from  their  commercial  point  of  view,  as  well  as  from  the  topo- 
graphical view  in  relation  to  the  streets  and  properties  of  the 
City  of  Philadelphia. 

The  first  line  considered  and  seriously  thought  of,  left  the 
Chester  Branch  of  the  P.  &  R.  R.  R.  at  about  Fifty-eight  Street, 
running  almost  due  north,  crossing  Mill  Creek  at  about  Forty- 
fifth  Street  and  Green  way  Avenue.  Thence  after  curving  to  the 
right  by  tunnel  and  open  cuttings  under  West  Philadelphia, 
emerging  at  Hamilton  and  Thirty-first  Streets,  crossing  the  latter 
street  on  grade.  Thence  over  the  yard  of  the  P.  R.  R.  and  over 
the  river  to  Twenty-first  and  Pennsylvania  Avenue,  going  above 
all  the  streets  between  the  Schuylkill  and  the  point  of  connection 
with  the  P.  &  R.  R.  R.  The  excessive  cost  of  this  line,  embrac- 
ing a  long  tunnel  and  deep  cuttings,  a  great  number  of  bridges 
and  an  expensive  viaduct  over  the  yard  of  the  Pennsylvania 
Railroad  made  it  at  once  of  questionable  value.  Further  exam- 
ination proved  that  some  of  the  most  valuable  private  properties 
in  West  Philadelphia  occupied  by  the  owners,  would  be  entirely 
destroyed  and  others  made  useless  as  residences.  The  legal 
difficulties  and  the  enormous  cost  to  get  possession  of  so  great 
an  amount  of  real  estate  might  be  overcome,  provided  there 
would  be  some  future  compensating  profit  anticipated  by  the  es- 
tablishing of  large  manufactories  on  the  building  sites  destroyed. 
But  there  can  be  no  such  hope.  This  line  passes  through  a  part 
of  West  Philadelphia,  made  valuable  only  on  account  of  its 
healthiness  and  on  account  of  its  beautiful  surroundings,  fitting 
it  especially  for  residences,  but  entirely  useless  for  large  industries 
such  as  bring  revenue  to  a  railroad.  The  line  was  subsequently 
abandoned.  A  second  location  was  then  selected.  This  line 
leaves  the  Chester  Branch  near  the  same  point  where  No.  1  does, 
but  curving  to  the  right  it  runs  due  east.  After  crossing  the 
river  it  continues  its  course  eastward  parallel  with  and  between 
Tasker  and  Dickinson  Streets  to  about  Tenth  Street,  where  a 
curve  to  the  left  would  begin  to  connect  it  with  a  line  continued 
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from  Green  Street,  running  south  between  Eighth  and  Ninth 
Streets  and  parallel  with  the  same. 

A  railroad  built  upon  this  line,  all  of  it  elevated  above  the 
streets,  would  probably  give  to  the  B.  &  0.  and  to  the  P.  &  R.  R.  R. 
all  that  they  would  desire  for  a  through  connection  at  present, 
but  an  enormous  cost,  involving  the  destruction  for  squares  of 
the  best  property  for  retail  business  and  handsome  stores  in  the 
city,  without  giving  either  to  the  city  and  its  property  owners,  or 
to  the  railroad  company  corresponding  advantages  for  other 
enterprises  or  hope  for  future  profits,  except,  perhaps,  that  a 
passenger  depot  located  near  Eighth  and  Market  Streets  would 
probably  be  the  most  convenient,  at  least  for  the  next  ten  years, 
to  the  traveling  business  public.  But  Eighth  and  Market,  or 
Eighth  and  Chestnut  Streets  are  hardly  now  and  certainly  will 
not  be  in  the  future,  either  the  centre  of  commerce  or  the  centre 
of  population.  All  the  retail  business  is  moving  westward,  and 
it  will  not  be  many  years  when  the  whole  belt  of  the  City  of 
Philadelphia  between  Second  and  Twentieth  Streets  and  between 
Pine  and  Callowhill  Streets  will  be  one  mass  of  stores  and  oflSces 
without  any  private  residences  of  importance. 

All  these  must  move  to  West  Philadelphia  or  to  the  north;  the 
southern  portion  of  the  city  being  too  low  and  is  not  looked  upon 
as  healthy.  The  wholesale  trade  and  manufactories  will  always 
remain  along  the  river,  and  that  trade  is  already  amply  provided 
on  the  Delaware  with  railroad  facilities.  The  Delaware  River 
Front  Railroad  sweeps  along  the  wharves  of  the  river  from 
League  Island  to  Richmond,  and  connects  with  ^11  the  railroads 
entering  the  City  of  Philadelphia.  But  the  Schuylkill  River  has 
no  railroad  facilities  on  the  east  or  city  bank,  and  there  are 
to-day  no  better  sites  in  Philadelphia  for  the  establishment  of 
large  manufactories  and  wholesale  business  in  general  than  the 
river  front  from  Gray's  Ferry  to  Callowhill  Street.  All  the 
properties  over  that  entire  distance  between  Schuylkill  Avenue 
and  Twenty-fourth  Street  on  the  east,  and  the  river  on  the  west 
are  entirely  unfit  for  residences,  but  cannot  be  surpassed  for  the 
location  of  cotton  or  rolling  mills,  blast  furnaces,  marble  and  coal 
yards  or  other  large  establishments,  provided  a  competing  rail- 
road would  be  added  to  the  water  facilities  already  existing. 
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These  facts  I  have  no  doubt  led  to  the  abandonment  of  line  No.  2, 
and  induced  the  P.  &  R.  R.  R.  Co.  to  project  and  order  the  loca- 
tion of  the  Schuylkill  River  East  Side  Railroad.  This  line  con- 
nects with  the  Philadelphia  Branch  of  the  B.  &  0.  R.  R.  at  about 
the  same  point  where  lines  Nos.  1  and  2  started,  and  after  curv- 
ing to  the  northeast  and  crossing  over  the  P.  W.  &  B.  R.  R.  and 
over  the  Chester  Branch  of  the  P.  &  R.  R.  R.,  with  which  it  con- 
nects at  a  lower  level,  it  crosses  the  Schuylkill  River  somewhat 
diagonally,  about  1,200  ft.  below  Gray's  Ferry  Bridge,  and  at  a 
height  of  30  ft.  clearance  above  mean  high  water.  Continuing 
on  the  same  straight  line  and  with  a  descending  grade  it  crosses 
the  old  P.  W.  &  B.  R.  R.  and  Gray's  Ferry  Road  at  about  Thirty- 
fifth  Street  and  passes  under  the  Delaware  Extension  of  the 
Pennsylvania  Railroad  between  the  abutment  of  the  Arsenal 
Bridge  and  the  Port  Wardens'  line  of  the  river.  This  latter  line 
the  railroad  follows  never  less  than  30  ft.  from  the  bulkhead  and 
at  an  elevation  of  about  3  ft.  above  the  city  datum  to  about  Arch 
Street.  From  there  the  line  begins  to  curve  to  the  east  and  con- 
tinues on  that  curve  with  a  heavy  ascending  grade  to  its  connec- 
tion with  the  P.  &  R.  R.  R.  near  Twenty-first  Street.  Gray's  Ferry 
Road  and  Twenty-first  Street  are  the  only  two  highways  crossed 
on  grade  by  this  proposed  railroad,  three  rniles  in  length.  The 
Gray's  Ferry  grade  crossing  can  be  avoided  if  imperatively  neces- 
sary, and  Twenty-first  Street  will  be  crossed  overhead  eventually 
when  the  projected  readjustment  of  grades  on  jJPennsylvania 
Avenue  and  the  streets  that  cross  it  has  been  consummated.  All 
the  other  streets  crossed  by  the  S.  R.  E.  S.  R.  R.  go  over  it  or 
terminate  on  the  Schuylkill  and  are  not  thoroughfares,  or  un- 
opened, and  can  be  so  adjusted  when  opened  as  to  go  over  or 
under  the  proposed  railroad.  Not  one  of  the  objections  urged 
against  the  first  and  second  line  can  be  maintained  against  the 
S.  R.  E.  S.  R.  R.  All  the  properties  through  which  it  passes  will 
be  improved  and  not  destroyed,  and  will  become  valuable  to  the 
owners  and  a  source  of  future  business  to  the  railroad  company. 
The  line  will  not  be  a  nuisance  to  adjoining  residences,  because 
nobody  will  live  or  does  now  live  within  several  squares  of  it;  it 
will  not  at  all  interfere  with  the  travel  of  any  street  railway, 
pleasure  carriages  or  pedestrians,  and  to  a  small  extent  only  with 
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such  vehicles  as  are  now  required  to  go  to  railroad  depots  and 
freight  stations,  and  to  which  the  crossing  of  a  few  tracks  is  not 
a  nuisance  or  danger. 

It  is  contemplated  to  make  the  connection  on  Pennsylvania 
Avenue  with  a  Y  running  east  and  west,  so  that  through  trains 
can  be  run  via  Ninth  and  Green  Streets,  making  a  connection 
at  Ninth  and  Willow,  or  via  Belmont  and  West  Falls.  The  re- 
adjustment of  grades  on  Pennsylvania  Avenue,  Willow  Street 
and  Ninth  Street  to  avoid  grade  crossing  has  long  ago  been 
thought  of  by  the  P.  &  R.  R.  R. ;  detailed  plans  were  prepared 
twelve  years  ago,  and  these  improvements  must  follow  the  con- 
struction of  the  S.  R.  E.  S.  R.  R.  within  a  short  time.  When  all 
this  has  been  accomplished,  with  the  principal  depot  erected  at 
Twenty-fourth  and  Chestnut  Streets,  Philadelphia  will  possess  a 
completed  line  of  railroad  running  the  whole  length  of  the  city^ 
from  north  to  south,  from  Chestnut  Hill  to  Gray's  Ferry,  a  dis- 
tance of  fifteen  miles,  not  only  capable  of  carrying  passengers  and 
freights  through  to  any  part  of  the  United  States,  but  also  of  an 
immense  local  advantage  to  the  southern  part  of  the  city. 

P.  S. — Since  the  above  was  read  before  the  Club  the  line  of  the 
S.  R.  E.  S.  R.  R.  has  been  adopted  with  very  few  changes  in  its 
alignment  and  the  R.  R.  is  now  under  construction. 

The  Schuylkill  River  is  nearly  the  geographical  centre  line  of 
the  city,  and  it  is  believed  that  within  ten  years  the  proposed 
depot  at  Twenty -fourth  and  Chestnut  Streets  will  be  nearer  the 
centre  of  population  and  trade  than  Broad  and  Market  is  now. 


X. 


STEREOGRAPHIC  PROJECTION-PRACTICAL  METHODS. 

By  Prof.  L.  H.  Barnard,  Member  of  the  Club. 

Read  June  6th,  1885. 

Spherical  projections  may  be  subdivided  into  Orthographic 
and  Scenographic.  In  the  former  the  point  of  sight  is  at  an  in- 
finite  distance;  in  the  latter  at  some  finite  distance.     If  the  point 
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of  sight  be  taken  at  either  pole  of  primitive  circle  the  projection 
becomes  Stereographic.  The  following  practical  methods,  based 
upon  the  fundamental  theorems  of  Stereographic  Projection,  are 
such  as  have  suggested  themselves  while  teaching  the  subject. 

The  following  are  the  more  important  theorems  upon  which 
the  constructions  I  shall  give  are  based : 

A — All  circles  of  the  sphere  project  as  circles,  except  when  the 
plane  of  circle  passes  through  the  point  of  sight,  and  when  the 
polar  distance  is  equal  to  the  supplement  of  the  inclination. 

B — ^The  Stereographic  projection  of  any  point  of  the  sphere  is 
at  a  distance  from  the  centre  of  the  primitive  circle  equal  to  the 
tangent  of  one-half  its  polar  distance.     ^ 

G — If  a  plane  be  passed  through  the  axis  of  a  given  circle  of 
the  sphere,  and  the  axis  of  the  primitive  circle,  it  will  intersect 
the  plane  of  the  primitive  circle  in  a  line  called  "the  line  of 
measures"  of  the  given  circle.  It  follows  from  this  definition, 
that  the  line  of  measures  passes  through  the  centre  of  the  primi- 
tive circle,  and  is  perpendicular  to  the  intersection  of  the  given 
with  the  primitive  circle. 

D — If  a  small  circle  be  perpendicular  to  the  primitive  circle, 
the  centre  of  its  projection  will  be  on  its  line  of  measures,  at  a 
distance  from  the  centre  of  the  primitive  circle  equal  to  the  tan- 
gent of  its  polar  distance. 

E — The  centre  of  the  projection  of  a  great  circle  will  be  on  its 
line  of  measures,  and  at  a  distance  from  centre  of  primitive  circle 
equal  to  the  tangent  of  its  inclination. 

F — If  the  inclination  of  a  given  circle  of  the  sphere  to  the 
primitive  circle  be  called  7,  and  its  polar  distance  d,  then  the 
extremities  of  its  diameter  are  distant  from  the  centre  of  the 
primitive  circle  by  an  amount  equal  to  tan.  J  (7  +  d)  and  tan.  J 

G — The  angle  between  two  circles  of  the  sphere  which  inter- 
sect, is  the  same  as  the  angle  between  the  projections  of  their 
tangents  at  the  points  of  intersection;  also  the  same  as  the  angle 
between  the  lines  drawn  from  the  projection  of  their  points  of 
intersection  to  the  centres  of  their  projections.  The  angle  between 
two  intersecting  circles  is  equal  to  the  angular  distance  between 
their  poles. 
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Constructions. 

Principal  diameters:  The  diameter  drawn  through  any  point, 
and  the  one  at  right  angles  to  it,  may  be  called  the  principal 
.  diameters. 

The  plane  of  the  primitive  circle  is  considered  to  be  a  vertical 
plane,  and  the  horizontal  and  vertical  diameters  are  usually 
taken  as  the  principal  diameters. 

1.  To  find  the  locus  of  all  points  having  the  same  polar 
distance: 

Let  C  (Fig.  1)  be  the  centre  of  primitive  circle.  AB  and  DE 
be  the  principal  diameters;  lay  off  the  arc  Bp  equal  to  the  polar 
distance.  Draw  Jp  intersecting  DC  in  P,  With  Cas  a  centre 
and  CP  as  a  radius  describe  a  circle  POH.    This  is  required  locus. 

2.  To  project  a  circle  given  the  pole  and  polar  distance: 
Three  cases  arise,  the  construction  for  each  depending  upon 

theorem  F, 

Case  1. 

When  the  pole  falls  within  the  primitive  circle: 

Let  P  (Fig.  1)  be  the  pole.  Draw  the  diameter  DE  through  P, 
also  AB  at  right  angles  to  DE.  Draw  AP,  and  produce  it  to  in- 
tersect the  primitive  circle  at  ^.  Lay  off  pm  and  pn  equal  to  the 
polar  distance  of  the  circle.  Draw  Am  and  Auy  intersecting  DE 
in  M  and  N.  MN  will  be  the  diameter  of  the  required  projection. 
Bisect  it  at  0,  and  describe  the  circle  MSN,  It  is  readily  seen 
that  Bm  equals  Bp  +  pm  (inclination  +  polar  distance),  and 
that  Bn  equals  pn  —  Bp  (equals  inclination  —  polar  distance). 

Should  the  polar  distance  of  the  circle  be  greater  than  the  arc 
pDy  the  construction  would  be  similar;  the  point  M  falling  out- 
side of  the  primitive  circle.  This  is  shown  in  lower  half  of  Fig.  1 ; 
NS'M'  being  the  projection  of  such  a  circle. 

Should  the  polar  distance  be  the  supplement  of  the  inclination 
of  the  required  circle,  the  point  m  would  fall  at  A,  and  Am  would 
become  parallel  to  the  diameter  DE,  and  intersect  it  only  at  an 
infinite  distance.  Hence  the  radius  becomes  infinite,  and  the 
projection  of  the  circle  a  straight  line.  To  illustrate  this,  let  P" 
be  the  pole  of  a  circle,  whose  polar  distance  equals  p'^A,  lay  off 
p^'n^  equal  to  p'M;  draw  An\  intersecting  DE  in  JHf".    Then 
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WS^'  drawn  perpendicular  to  DE  will  be  the  required  projec- 
tion. Should  the  required  circle  be  parallel  to  primitive  circle, 
then  its  projection  is  concentric  with  it.  PC  becomes  zero.  The 
radius  will  equal  the  polar  distance  of  the  circle. 

If  the  required  circle  be  a  great  circle  the  construction  becomes 
as  follows  (see  Fig.  2);  viz.:  Let  P  be  the  pole;  draw  -4P  and 
produce  to  p,  then  pB  equals  the  inclination  of  required  circle. 
Now  draw  arc  CG  with  -4  as  a  centre,  and  AC  sls  radius,  and  lay 
oflF  CG  equal  to  inclination,  equal  to  pB,  draw  ^G  and  produce  to 
intersection  with  P'E  at  0,  and  the  primitive  circle  at  -B'.  0 
will  be  the  centre  of  required  projection.  (See  Theorem  E.) 
Since  it  is  a  great  circle  it  must  pass  through  A  and  B,  Hence 
with  0  as  centre,  and  OA  as  a  radius,  draw  ASB.  It  will  be  the 
required  projection. 

The  following  is  another  and  shorter  construction :  Lay  off  pJ?' 
equal  to  pB;  draw  B^A,  it  will  intersect  P^E  at  0,  the  centre  of 
required  projection. 

Case  2. 

When  the  pole  of  the  required  circle  falls  on  the  circumference 
of  primitive  circle: 

Let  P'  be  the  pole  of  the  required  circle  (see  Fig.  2),  and  PE 
and  AB  the  principal  diameters.  Lay  off  P'n  and  P'm  equal  to 
the  polar  distance;  draw  Am  and  An,  thus  determining  M  and  N 
the  extremities  of  the  diameter  of  the  projection  as  in  Case  1. 
The  following  construction  is  shorter,  however:  Since  the  required 
circle  is  at  right  angles  to  the  primitive  circle,  the  lines  drawn 
from  the  centre  of  each  to  the  point  where  they  intersect  must 
be  at  right  angles  to  each  other.  (See  Theorem  H.)  Hence  from 
P'  lay  off  P'm  equal  to  the  pole  distance  of  the  circle,  m  is  one 
of  the  points  in  which  the  circles  intersect.  The  centre  of  the  re- 
quired circle  lies  on  the  line  EP',  since  EP  is  its  line  of  measures. 
The  centre  will  therefore  be  found  by  drawing  a  tangent  to  the 
primitive  circle  at  m,  and  finding  its  intersection  with  EP'  at  0. 
Then  with  0  as  a  centre  and  a  radius  equal  to  Om,  draw  the 
circle  Mmn. 

Case  3. 

When  the  pole  of  the  required  circle  falls  outside  the  primitive 
circle: 


112  Barnard — Stereographic  Projection.         [Proc.  Eng.  Qub, 

Determine  the  extremities  of  the  diameter  as  in  Case  1,  and 
describe  the  circle  upon  it.    Fig.  3  illustrates  the  construction. 

3.  To  find  the  locus  of  all  great  circles  that  pass  through  a 
common  point: 

Let  If  be  the  given  point  (see  Fig.  4).  Draw  -43/ and  produce 
it  to  find  m.  All  great  circles  passing  through  M  must  also  pass 
through  a  point  180°  from  M.  To  find  this  point  lay  oflf  mn  equal 
to  180°.  Draw  An  and  produce  it  until  it  intetsects  DE  in  N, 
N  is  the  projection  of  a  point  180°  from  M.  MN  is  therefore  a 
diameter  common  to  all  the  great  circles  passing  through  My  and 
the  centres  of  their  projections  will  fall  in  the  line  GOHy  drawn 
at  right  angles  to  MN  through  its  middle  point  0. 

A  shorter  construction  is  as  follows ;  viz. :  Lay  off  Bm'  equal  to 
2mD;  draw  -4m'  and  its  intersection  with  DE  will  give  the  point 
0.  £m'  being  two  Dm,  and  Dm  being  the  inclination  of  the 
circle  through  M  at  right  angles  to  DE;  so  that  CO  is,  by  con- 
struction, equal  to  the  tangent  of  the  inclination.  (See  Theorem 
E.)  Then  through  0  draw  GOH  as  before.  With  0  as  a  centre 
and  Oif  as  a  radius,  draw  the  circle  A  MB  at  right  angles  to  DE. 
To  find  the  centre  of  the  circle  that  makes  any  angle  X  with  DE, 
draw  a  line  MO',  making  CMO^  equal  to  the  angle  A'';  the  inter- 
section of  this  line  with  the  locus  HG  at  0'  gives  the  centre  of 
required  circle;  then  with  0'  as  a  centre,  and  a  radius  O'ilf  draw 
the  required  circle  MSQ, 

Projection  of  the  Spherical  Triangle. 

In  the  six  cases  that  may  arise  in  the  solution  of  spherical  tri- 
angles, I  have  selected  three,  to  illustrate  the  application  of  the 
constructions  given  to  the  projection  of  the  spherical  triangle. 

Case  1. 


Given  A  105°,  c  30°,  a  75°. 


Place  A  at  the  centre  of  the  primitive  circle  (see  Fig.  5),  two 
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sides  of  the  triangle  will  then  project  as  straight  lines  passing 
through  the  centre  of  the  primitive  circle,  making  an  angle  of 
105°  with  each  other.  Lay  off  MAC  equal  to  one  105°.  This 
projects  the  angle  A.  Lay  off  ^5  equal  to  c,  equal  to  30°.  Then 
if  with  £  as  a  pole,  and  polar  distance  equal  to  the  value  of  the 
remaining  side  a,  or  75°,  a  circle  be  projected,  the  intersection  of 
this  circle  with  PQ  will  determine  the  third  vertex  C,  CLO  is 
this  circle.  It  intersects  PQ  in  two  points :  C  and  (7,  thus  giv- 
ing the  two  solutions.  The  centres  of  the  arcs  5Cand  B(y  are 
found  by  constructing  the  locus  of  all  great  circles  passing  through 
a  common  point,  B.  This  gives  the  line  DF,  Then  repeat  the 
same  construction  for  Cand  C;  this  will  give  the  lines  C'^fl" 
and  SV,  The  intersections  of  0^'^^H  and  SV  with  DF  determines 
the  centres  0'"  and  0"",  since  if  a  point  lies  on  two  lines  it  will 
lie  at  their  intersection. 

The  perpendicular  required  by  Napier's  Rules  would  be  drawn 
from  B  to  side  b ;  the  centre  of  this  circle  lies  on  PQ,  since  it  is 
at  right  angles  to  it^  and  also  on  DF,  hence  at  their  intersection. 
It  may  fall  outside  of  the  drawing,  as  in  the  present  instance. 

Suppose,  however,  that  Bp  is  this  perpendicular.  Then,  in 
solving  by  Napier's  Rules,  the  side  b  is  obtained  by  solving  for 
Ap  and  Op.  Then  6  equals  Ap±:Op,  This  is  very  clearly  shown 
in  the  figure.  Since  BC  equals  BC,  CBC  is  isosceles,  and  Q> 
equals  (7p,  and  CA  equals  6,  equals  Op — Ap^  also  OA  equals 
(yp-\-Apy  equals  Op-\-Ap, 

The  projection  of  a  triangle  will  often  enable  one  to  decide 
whether  an  angle  or  side  is  greater  or  less  than  90°,  and  being  a 
graphical  representation,  it  shows  at  a  glance  the  relations  of  the 
several  parts  of  the  triangle,  especially  where  two  solutions  occur. 

Case  2. 


Given  A  equal  to  105°,  b  52°  30'  and 
5  60°. 


VOL.  V. — 8. 


114  Barnard— Stereographic  Projection,        [Proc.  Eng.  Club, 

Put  A  at  the  centre  (see  Fig.  6).  Draw  the  principal  diameters, 
EF  and  CD.  Lay  oflf  EA  Q  equal  to  105^.  Find  projection  of  ver- 
tex C,  by  theorem  B.  Now  construct  the  polar  triangle  of  the  given 
one  as  follows :  From  the  definition  of  polar  triangle  it  is  evident 
♦that  C  is  one  vertex  and  -B"  another,  hence  (7-B"  is  one  of  its 
sides.  If  with  C  as  a  pole,  the  great  circle  B^'A^'A'  be  described, 
it  will  give  the  direction  of  another  side,  and  since  the  sides  of 
the  polar  triangle  are  the  supplements  of  opposite  angles  in  the  re- 
quired triangle,  the  length  of  third  side  must  be  equal  to  180° — 
60°,  equal  120°. 

If  then  with  C"  as  a  pole,  we  project  a  circle  of  polar  distance 
120°,  the  third  vertex  will  lie  on  it,  but  it  also  lies  on  B'*A**A\ 
hence  the  following  construction.  Lay  oflf  OW  equal  to  120°; 
draw  a  tangent  W0\  and  since  OB  is  the  line  of  measures  of  the 
required  circle,  0'  will  be  its  centre  and  0' IT  its  radius.  Draw 
WA'^A*;  it  intersects  B^'A^'A'  in  A''  and  A\  giving  two  solutions, 
A^'CB"  and  A'QB*\  hence  the  required  triangle  has  two  solu- 
tions. The  centres  0''  and  0'"  of  arcs  OA''  and  GA'  lie  in  EF 
and  LMy  and  are  found  by  drawing  a  perpendicular  to  the  chords 
DwA"  and  DA\  The  third  vertex  of  required  triangle  is  found 
by  projecting  two  circles,  with  A'*  and  A*  as  poles,  and  a  polar 
distance  equal  to  90° ;  the  centres  of  these  are  0""'  and  0'"',  and 
the  two  solutions  are  A  OB  and  A  CB'. 

Case  3. 


Given  A  75°,  B  60°  and  C 120°. 


Place  A  at  the  centre  of  the  primitive  circle,  Fig.  7,  and  so  pro- 
ject the  triangle  that  C  will  fall  on  vertical  diameter  through  the 
centre  and  above,  and  B  to  the  left.  Construct  FA  V  equal  to 
75°;  draw  OWat  right  angles  to  VA.  Then  5'  and  C  are  ver- 
tices of  the  polar  triangle,  and  JB'(7  one  of  its  sides.    The  remain- 
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ing  sides  will  be  equal  to  180°— fi,  and  180°— C,  or  120°  and  60°. 
If,  then,  with  B'  and  C  as  poles,  circles  be  projected  with  polar 
distances  of  60°  and  120°  respectively,  their  intersection  will  de- 
termine the  third  vertex  of  the  polar  triangle.  The  tangent  lines 
DO  and  K(y  determine  the  centres  0  and  0'  of  these  circles. 
Then  with  radii  OD  and  O'K  draw  arcs  intersecting  in  A\  the 
third  vertex  of  polar  triangle.  Finally,  with  A'  as  a  pole  and  a 
polar  distance  of  90  degrees,  project  a  circle.  The  construction 
is:  Draw  RQ  at  right  angles  to  NP,  Draw  RA'  and  produce  to 
V;  lay  off  VY  equal  to  VQ;  draw  RY  intersecting  iVPin  0", 
the  centre  of  required  projection.  Then  with  radius  0"Q  draw 
CQB.  ABC  is  the  required  triangle.  The  required  angles  of 
any  triangle  may  be  measured  by  drawing  the  tangents  to  the  in- 
tersecting circles;  the  sides  may  be  measured  by  projecting  the 
polar  triangle  and  measuring  its  angles  in  the  same  manner. 

Projection  op  the  Astronomical  Triangle. 

P 


Given  Lat.  80°  N.,  the  declination  of  a       . 
heavenly  body  45°  N.,  and  its  hour  angle     *  /  \  co.!- 

45°  W. 


eo,k  Z 

Let  P  be  the  pole  of  the  heavens,  Z  the  zenith,  and  M  the 
body.  Then,  as  indicated  in  the  diagram,  we  have  given  two  sides 
and  the  included  angle.  Let  it  be  required  to  project  it  on  the 
plane  of  the  meridian.  Let  ZN8,  Fig.  8,  be  the  primitive  circle; 
Z  is  the  zenith;  Na  the  nadir;  N  and  8  the  north  and  south 
points;  E  and  W  the  east  and  west  points,  the  east  point  being 
the  point  of  sight.  Construction :  Lay  off  ZP  equal  to  the  co- 
latitude,  equal  to  60®  N.  QE  is  the  locus  of  centres  of  all  great 
circles  passing  through  the  point  P.  The  centre  of  the  one  mak- 
ing an  angle  of  45°  with  the  primitive  circle  is  at  E.  Then,  with 
£  as  a  centre  and  -BP  as  a  radius,  draw  PC,  This  will  be  another 
side  of  the  required  triangle.  Since  the  length  is  co-dy  or  45° ;  if, 
with  P  as  a  pole  and  a  polar  distance  of  45°,  a  circle  be  projected. 
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it  will  intersect  PC  45^  from  P,  thus  determine  the  vertex  M. 
In  this  case  the  pole  is  on  the  circumference  of  the  primitive 
circle.  Lay  oflF  Pm  equal  to  45®,  draw  a  tangent  to  the  primitive 
circle  at  m,  and  its  intersection  with  WP  at  if'  gives  the  centre. 
Then,  with  radius  Ifm,  draw  mDy  intersecting  PC  at  M.  Now 
pass  a  great  circle  through  Z  and  M.  This  is  most  readily  done 
by  drawing  a  perpendicular  to  the  chord  MZ  at  its  middle  point 
and  finding  its  intersection  with  NS  at  0.  With  0  as  a  centre 
and  a  radius  OZ,  draw  ZM.    PZM  is  the  required  projection. 

To  project  the  same  triangle  on  the  plane  of  the  horizon : 

Let  NWSEj  Fig.  9,  be  the  primitive  circle.  Zy  the  zenith,  will 
be  the  centre,  and  the  nadir  the  point  of  sight.  Construction: 
Lay  off  ZP  equal  to  co-latitude,  equal  to  60°.  AB  is  the  locus  of 
all  great  circles  passing  through  P.  Draw  PO,  making  OPZ 
equal  to  45° ;  then,  with  0  as  centre  and  radius  OP,  draw  PM. 
Then,  as  in  preceding  construction,  project  a  circle  with  P  as 
pole  and  polar  distance  equal  to  side  PM.  Then  join  MZ  by  a 
straight  line.     PZM  is  the  required  triangle. 

As  a  further  illustration,  the  following  problem  is  given:  Let 
it  be  required  to  project  the  sphere  on  the  horizoji  of  a  place  in 
30°  N.  latitude  and  0°  longitude,  showing  the  meridians  45°  and 
90°  east  and  west;  the  parallels,  30°  N.  and  60°  N.  and  30°  S., 
project  the  equator  and  join  the  point  A  (lat.  60°  N.  and  long. 
90°  E.)  with  the  point  B  (lat.  30°  S,  and  long.  45°  K). 

ENWS,  Fig.  10,  is  the  horizon,  N  the  north  point,  E  the  east, 
etc.  The  zenith  Z  falls  at  the  centre.  P  is  the  elevated  pole,  60° 
from  Z,  All  meridians  pass  through  P;  hence,  to  project  any 
meridian,  find  O^C,  the  locus  of  the  centres  of  all  great  circles 
passing  through  P.  O'PED  is  the  one  90°  E.  and  90°  W.,  with 
centre  at  0;  PBD  and  PGD  are  the  ones  45°  E.  and  45°  W.,  with 
centres  at  0'  and  C,  respectively.  The  parallels  30°  N.  and  60° 
N.  are  projected  with  Pas  a  pole,  and  a  polar  distance  equal  to  60° 
and  30°,  respectively.  The  parallel  30°  S.  projects  into  the  line 
(yO",  since  its  polar  distance  is  equal  to  the  supplement  of  its  in- 
clination. The  points  A  and  B  are  joined  by  finding  the  locus 
of  all  great  circles  passing  through  A  and  £,  and  taking  their  in- 
tersection at  0'"",  as  the  centre,  and  the  radius  OA,  and  drawing 
the  arc  AB, 


Phila^  1885,  V,  2.]         Osborne— Sand-Sag  EnAankmenL  117 


XI. 


THE  SAND-BAG  EMBANKMENT  ACROSS  LITTLE  INLET. 

BRIGANTINE  BEACH.  N.  J. 

By  Perct  T.  Osbobnb,  Member  of  the  Club. 
Read  June  6th,  1885. 

The  following  paper  upon  the  construction  of  a  sand-bag  em- 
bankment to  close  Little  Inlet,  Brigantine  Beach,  N.  J.,  haa  been 
prepared  by  request  from  data  furnished  by  the  engineer,  Mr. 
Richard  B.  Osborne. 

Brigantine  Beach  runs  northeastwardly  for  8}  miles  from 
Absecom  Inlet  to  New  Inlet,  which  opens  into  Grassy  Bay. 

It  was  designed  to  establish  on  this  beach,  3^  miles  from 
Absecom  Inlet,  a  bathing  resort  to  be  called  North  Atlantic  City. 
This  strip  of  beach  land,  at  a  point  1^  miles  north  of  Absecom 
Inlet,  was  cut  by  an  inlet,  through  which  the  tides  freely  flowed 
into  Wading  Thoroughfare  and  Grassy  Bay.  To  aflFord  easy 
access  to  Atlantic  City  the  projectors  of  the  new  scheme  desired 
to  have  this  inlet  filled  up.  The  well  authenticated  fact  of  the 
changing  character  of  this  shore,  produced  mainly  by  the  north- 
easterly winds,  seemed  to  promise  a  quicker  solution  of  a  problem 
that  would,  under  natural  laws  alone,  require  a  century  or  more 
to  work  out. 

If  Nature's  forces  could  be  brought  into  more  active  operation 
it  was  certain  that  the  law  which  had  controlled  her  heretofore 
would  not  be  reversed,  and  that  therefore  any  action  on  her  part 
would  be  as  a  co-worker  in  the  closing  of  this  channel.  This 
had  already  been  accomplished  with  this  very  inlet  when  its  site 
was  half  a  mile  further  north — the  sea  filling  up  the  old  channel 
and  excavating  for  itself  a  new  one.  The  same  results  have 
taken  place  with  Absecom  Inlet,  which  has  been  moved  by  the 
sea  from  its  former  locality,  at  Peter's  Beach,  and  now  occupies 
what  a  century  and  three-quarters  ago  was  heavily  timbered 
land.  There  was,  therefore,  as  a  guide,  a  controlling  law  that  no 
efiForts  of  man  could  alter,  and  which  indicated  that  every  cubic 
yard  placed  in  the  way  of  its  natural  action,  would  best  expedite 
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its  certain  fulfilment.  These  were  the  principles  upon  which  this 
work  was  conducted.  Prompt  action  to  afford  Nature  an  oppor- 
tunity to  produce  equally  prompt  results  was  necessary  from  the 
material  at  the  disposal  of  the  engineer,  which  was  solely  ex- 
tremely fine  sand. 

The  only  possible  available  way  of  using  it  was  to  pack  it 
closely  in  bags  and  carefully  sew  them  up.  These  should  have 
been  made  of  very  close  material,  but  those  supplied  were  the 
ordinary  salt  bag,  costing  5J  cents  apiece,  and  containing  when 
packed  2  J  cubic  feet  each.  In  consequence  of  waste  through  the 
interstices  they  were  not  fully  effective,  yet  it  was  interesting  to 
notice  the  heavy  surf,  during  storms,  break  on  them  and  leave 
them  unmoved,  and  even  more  consolidated  where  masonry 
would  have  yielded  and  been  displaced. 

Bags  of  sand  were  left  over  night  at  the  ends  of  the  embank- 
ment exposed  to  every  wave  and  numbered  with  red  chalk,  but 
not  a  bag  was  missing  in  the  morning,  though  the  constant  ac- 
tion of  the  surf  tended  to  thrash  out  some  of  the  sand. 

The  profile  and  plot  exhibit  the  extent  and  character  of  this 
inlet  when  operations  on  it  commenced,  and  also  the  embank- 
ment as  completed.  The  width  of  water  increased  on  closing 
from  831  ft.  to  1,000  ft.  at  high  tide.  The  bags  were  filled  within 
100  yards  of  the  embankment.  Seven  wheel-barrows,  each  loaded 
with  one  bag,  deposited  1,050  bags  in  the  day  of  ten  hours,  or 
105  per  hour.  It  required  twelve  of  these  bags  to  make  one 
cubic  yard.  The  cost  per  cubic  yard  in  place  amounted  to  one 
dollar — 66  cents  being  cost  of  bags  ^d  34  cents  for  filling,  sewing, 
placing,  etc.  From  time  to  time  measurements  and  soundings 
were  carefully  made  to  ascertain  what  influence  the  work  had 
had  upon  the  action  of  the  sea,  and  every  test  gave  convincing 
proof  that  it  was  fulfiling  the  expectations. 

The  mode  of  construction  was  by  working  from  half  ebb  to 
about  half  flow  of  tides.  Bags  were  given  direction  by  hand  and 
permitted  to  sink  with  as  much  regularity  as  possible  to  form 
layers  at  the  base  of  embankment,  and  these  were  built  up  within 
one  foot  of  low  water  and  the  top  leveled.  On  these  bags  as  a 
foundation,  frames  (like  model),  about  6  ft.  in  height  and  12  ft. 
long  on  top,  were  placed.    They  were  made  of  2  and  3-in.  planks 
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During  the  nine  days  it  was  closed  the  accretion  from  the  sea 
had  filled  the  channel,  where  13  ft.  of  water  formerly  existed,  so 
that  it  was  covered  at  low  tide  by  less  than  2  ft.,  and  for  the 
whole  distance  from  the  embankment  to  low  water  mark  of  the 
ocean,  2,000  ft.,  the  measurement  was  made  on  dry  land  at  low 
tide,  which  was  before  at  that  stage  always  under  water.  Beyond 
low  water  mark  three  bars  had  been  formed,  distinctly  seen  on 
the  flow  of  each  tide.  These  indications  gave  a  fair  assurance 
that  the  impediment  secured  by  the  works  already  formed,  even 
despite  the  breach,  would  ultimately  heap  the  sand  from  the  sea 
over  the  whole  area,  and  this  assurance  was  given  by  the  engi- 
neer in  his  final  report. 

The  action  was  even  more  prompt  and  perfect  than  he  antici- 
pated, and  the  whole  area  is  now  covered  by  the  accretion  to 
such  a  depth  as  to  have  changed  the  entire  aspect  of  the  locality. 
It  has  reclaimed  some  70  acres  on  the  side  next  the  sea,  and 
about  30  on  the  bay  side. 

The  experience  gained  indicates  that  with  close  material  for 
bags  and  a  few  appliances  for  their  temporary  protection,  the 
system  is  capable  of  achieving  results  that  no  other  method,  with 
the  like  outlay,  ever  could  accomplish.  80,000  bags  of  sand  were 
used  in  this  embankment. 


XII. 

RELATIVE  COSTS  OF  FLUID  AND  SOLID  FUELS. 

By  James  Beatty,  Jb.,  Member  of  the  Club. 
Bead  June  20th,  1885. 

During  the  past  twenty-five  years  there  have  been  numerous 
efforts  to  introduce  fluid  fuels  as  substitutes  for  coal,  for  the  evap- 
oration of  water  in  boilers,  metallurgical  operations,  and,  on  a 
small  scale,  for  domestic  purposes. 

The  advantages  claimed  for  these  fuels  are :  Reduction  in  the 
number  of  stokers;  one  man  being  able  to  do  the  work  of  four 
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using  solid  fuel.  Reduction  in  weight,  amounting  to  one-half, 
with  the  better  classes.  Reduction  in  bulk;  for  petroleum 
amounting  to  about  thirty-six  per  cent.,  and  with  the  gases,  de- 
pending on  the  amount  of  compression.  Ease  of  kindling  and 
extinguishing  fires,  and  of  regulation  of  temperature.  Almost 
perfect  combustion  and  cleanliness. 

Siemens  used  gas,  distilled  from  coal  and  burnt  in  his  well- 
known  regenerative  furnace. 

Deville  experimented  with  petroleum  on  two  locomotives  run- 
ning on  the  Paris  and  Strasbourg  Railroad. 

Selwyn  experimented  with  creosote  in  a  small  steam  yacht, 
and  under  the  boilers  of  the  steamship  "  Oberlin." 

Holland  experimented  with  water-gas  in  the  furnace  of  a  loco- 
naotive  running  on  the  Long  Island  Railroad. 

Isherwood  experimented  with  petroleum  under  the  boilers  of 
United  States  steamers. 

Three  railroads  in  Russia  are  using  naphtha  in  their  locomo- 
tives, and  steamers  on  the  Volga  are  using  the  same  fuel. 

Wurtz  experimented  With  crude  petroleum  in  a  re-heating  fur- 
nace at  Jersey  City. 

Dowson,  Strong,  Lowe  and  others  have  devised  systems  for  the 
production  of  water-gas. 

These  experiments,  in  general,  have  produced  excellent  re- 
sults when  considered  merely  in  the  light  of  heat  production,  but, 
in  advocating  their  systems,  the  inventors  seem  to  ^have  over- 
looked the  all  important  item  of  cost. 

It  is  the  object  of  this  paper  to  show  the  impracticability  of 
such  systems  when  considered  from  a  commercial  standpoint,  so 
long  as  the  supply  of  coal  lasts,  and  prices  keep  within  reasonable 
limits. 

In  many  cases,  authors  on  the  subject  have  given  purely  theo- 
retical results,  without  allowing  for  losses  in  the  furnace. 

The  fuels  to  be  considered,  are,  anthracite  and  bituminous  coals, 
crude  petroleum,  and  coal,  generator  and  water  gases. 

The  average  compositions  of  these  fuels  (considering  only  the 
heating  agents),  as  deduced  from  the  analysis  of  eminent  chem- 
ists, a^e: 
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Percentage  by  Weight. 


Anthracite,    . 
Bituminous,  . 
Petroleum, 
Coal  gas,    .    . 
Generator  gas, 
Water  gas,    . 


c 

H 

0 

00 

OH  4 

87.7 

3.3 

8.2 

80.8 

5.0 

8.2 

84.8 

13.1 

1.6 

6.5 

14.3 

52.4 

1.98 

35.5 

1.46 

6.3 

.6 

87.8 

1.2 

C«H 


f  4 


14.8 


We  will  employ  the  formula  of  Dulong 

h  =  14500  C  +  62000  (h—  ~) 

to  compute  the  theoretical  heating  powers  of  these  fuels.  In  the 
case  of  Methane,  CH4,  the  formula  is  not  true,  but  the  error  is  not. 
great  enough  to  seriously  aflfect  the  result.  This  gives,  for  the 
combustion  of  one  pound  of 

Anthracite, 14500  Br.  Heat  Units. 

Bituminous,      .        .  '     .        .        .  14200  " 

Petroleum, 20300  " 

Coal  Gas, 20200  " 

Generator  Gas,      ....  3100  " 

Water' Gas, 8500  " 

Reducing  the  above  to  terms  of  pounds  of  water  evaporated 
from  212°  F.,  we  have: 

Pounds  op  Water  Evaporated  from  212°  F. 

Anthracite, 15.023 

Bituminous, 14.69 

Petroleum, 21.00 

Coal  Gas, 20.87 

Generator  Gas, 3.21 

Water  Gas, 8.7 

The  results  of  experiments  show  the  eflBciency  of  fluid-burning 
furnaces  to  be  about  ninety  per  cent.,  while  with  coal,  sixty  per 
cent,  may  be  taken  as  a  good  figure.  The  great  difference  in  the 
eflBciencies  is  due  to  the  fact  that  fluid  fuels  require  for  combus- 
tion very  little  air  above  the  theoretical  quantity,  while  with  the 
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solid  fuels,  fully  twice  the  theoretical  quantity  must  be  admitted 
to  dilute  the  products  of  combustion. 

Correcting  our  previous  results  for  these  eflSciencies,  we  have: 

Pounds  of  Water  Actually  Evaporated  from  212®  F.,  per 

Pound  of  Fuel. 

Anthracite, 9. 

Bituminous, 8.8 

Petroleum, 18.9 

Coal  Gas,         ........  18.8 

Generator  Gas, 2.9 

Water  Gas, 7.8 

These  figures  agree  closely  with  the  results  of  experiments. 

We  will  now  consider  the  subject  of  cost. 

The  following  cities  have  been  selected,  as  manufacturing 
centres,  termini  of  railroads,  or  fuelling  ports  for  steamers. 

In  the  case  of  petroleum,  as  it  is  rarely  shipped  in  the  crude 
state,  an  approximation  is  made  by  adding  to  the  cost  at  the 
nearest  shipping  port,  the  freight  charged  on  refined  petroleum,' 
and  ten  per  cent,  to  cover  duties  and  other  charges. 

Owing  to  the  difficulty  of  obtaining  prices  in  some  of  the  cities, 
there  may  be  some  errors. 

Costs.    March,  1884. 


S.2 

o  a 

<s 


New  York, .  . 
Chicago,  .  .  . 
New  OrleanB,  . 
San  Fraociflco, 
London,  .  .  . 
PortNata],.  . 
Svdnej,  .  .  . 
Valparaiso,  .    . 


14  00 

6  00 

6  00 

12  00 

5  00 

12  60 

12  00 

11  50 


0.5 

•  o 
a-* 

a«> 


14  25 


3 
3 

7 
3 


60 
60 
50 
00 


11  00 


7 
7 


00 
50 


MO 

0. 


II  76 
1  25 
3  00 
3  00 
0  75 


2  - 


9  o 


$0  45 
0  45 
0  45 
0  56 
0  43 

Approxi. 
mation. 


Crude 
per  bbl 

11  80 
2  00 

2  50 

2  00 

2  70 

4  00 

4  50 

3  00 

ted 


9 


$0  50 
0  50 


0 
0 
0 


50 
60 
45 


Approxi- 
mation. 


In  calculating  the  following  table  the  specific  gravity  of  coal 
gas  is  taken  at  .4;  generator  gas,  at  .44;  water  gas,  at  .48;  petro- 
leum, .8. 
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Lbs 

.  OP  Fuel  for  $1.00.    March, 

1884. 

\ 

• 

a 

•  • 

0 

a 

0 

a 

• 

i 

9 
fL4 

• 

o 

i 

i 

s 
t 

9 
0 

• 

New  York,  .   .    . 

CvDlC8ffO«        •         a         •         1 

660 
448 
374 
187 
448 
179 
187 
196 

627 
640 
640 
299 
747 
204 
320 
299 

166 

142 

114 

142 

104 

71 

63 

94 

18 
24 
10 
10 
40 

74 
74 
74 
62 
82 

Approxi- 
mate. 

76 
76 

New  Orleans,  .   . 
San  Francisco,    . 
I^nclon.    •    ■    ■    1 

76 
62 
79 

Port  Natal,  .   . 
Svdnev.    •    •    •    < 

Approxi- 

Valparaiso, .   .   . 

mate. 

These  figures,  multiplied  by  the  actual  evaporative  powers  as 
calculated,  give: 


T/BR.   OF 

Water  Evaporated  from 

212°   F 

'.  FOR  $1.00. 

■ 
1 

0 

• 

• 

0 
O 
0 

a 

0 

■*• 
•^* 

• 

a 
§ 

• 

i 

o 

i 

• 

0 

« 

■ 

I 
1 

New  York, .   .   . 
Cviiic&ffo.   •    •    ■    < 

6040 
4032 
3366 
1683 
4032 
1611 
1683 
1765 

4643 
6638 
6638 
2634 
6681 
1797 
2819 
2634 

2948 
2684 
2165 
2684 
1966 
1342 
1191 
1776 

338 
461 
188 
188 
751 

220 
220 
220 
179 
228 

Approxi- 
mate. 

677 

677 

New  Orleans,  .   . 
San  Francisco,   . 
Ijoncion.    ...    1 

577 
484 
640 

Port  Natal,  .   .   . 
Svdnev 

Approxi- 

Valparaiso, .   . 

mate. 

Relative  Costs. 


New  York,  .  . 
Chicago,  .  .  . 
New  Orleans,  . 
San  Francisco, 
London,  .  .  . 
«Port  Natal,  .  . 
Sydney,  .  .  . 
Valparaiso,  .    . 


$1  00 


1 
1 
1 
1 
1 
1 
1 


00 
00 
00 
00 
00 
00 
00 


$1  08 

11  71 

114  92 

122  90 

18  70 

0  71 

1  60 

8  72 

18  30 

7  00 

0  69 

1  56 

17  90 

16  30 

6  80 

0  64 

1  60 

8  76 

9  40 

3  50 

0  61 

2  06 

7  16 

17  70 

6  30 

0  90 

1  21 

0  34 

1  39 

0  44 

1  03 

These  figures  are  very  much  against  the  fluid  fuels,  but  there 
may  be  circumstances  in  which  the  benefits  to  be  derived  from 
their  use  will  exceed  the  additional  cost.  It  is  difficult  to  make 
a  comparison  without  considering  particular  cases,  but  for  inter- 
mittent heating,  petroleum  would  probably  be  more  economical, 
though  for  a  steady  fire,  coal  holds  its  own. 
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XIII. 


REPAIRS  TO  THE  PHILADELPHIA  TRACTION  COMPANY'S 

CONDUIT 

By  Pbof.  L.  M.  Haxtft,  Member  of  the  Club. 
Bead  {by  TUU)  June  20th,  1885. 

Although  the  defects  of  the  conduit,  which  became  manifest 
on  the  attempts  made  to  operate  the  cables,  were  fully  described 
in  the  daily  papers  of  February  and  March  Itist,  there  has  been, 
I  believe,  no  oflScial  reference  to  them  in  the  Club,  and  as  it  is  a 
matter  of  considerable  interest  in  connection  with  the  problem 
of  local  transit,  I  think  it  important  that  some  record  thereof 
should  be  found  in  our  Proceedings. 

I  have  therefore  essayed  to  compile  such  a  description  from 
the  material  available,  prefacing  it,  however,  by  a  few  general 
remarks  on  the  subject  of  the  requirements  of  cable  conduits  and 
the  general  principles  of  their  construction. 

The  Genebal  Problem  of  Locomotion  on  Tramways. 

Fvrst — With  reference  to  the  power  to  be  employed.  It  may 
be  movable,  or  stationary;  animal  or  mechanical. 


Power.  •< 


^  Animal,    Quadrupeds. 

or 
Mechanical  f  i^ovable.      f  Steam. 

, ,  i  Stationary,  i  Compressed  air. 

Motors.  ^    i  __ 


(^  Electricity. 

Upon  the  character  of  the  power  will  depend  many  minor  de- 
tails. In  the  case  under  consideration  the  motor  is  steam  applied 
by  means  of  a  stationary  engine  and  transmitted  to  the  car  at  any 
part  of  its  route  by  a  flexible  conveyor  or  cable.  This  conveyor 
or  belt  may  run  upon  sheaves  placed  on  the  surface  of  the  ground 
as  on  the  ordinary  inclined  planes,  or  encased  in  tubes  or  con- 
duits beneath  the  surface  where  other  considerations  render  it 
necessary.  In  the  latter  case  the  connection  between  the  cable 
and  car  must  be  made  through  an  open  slot  in  some  part  of  the 
conduit. 
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that  the  combined  forces  of  frost,  pressure  from  pavement  and 
earth  filling  and  weight  of  travel,  all  of  which  tend  to  close  the 
slot,  were  resisted  only  by  the  stifiPness  of  a  plate  iron  flange  con- 
nected by  a  light  rod  to  a  wooden  system,  in  itself  movable. 
The  bar  b  is  of  little  use  above  the  rivet  r  to  resist  these  forces, 
as  it  lies  in  the  plane  of  the  upper  face  of  the  conduit  and  con- 
sequently cannot  aid  by  a  direct  pull,  but  merely  by  its  resist- 
ance to  flexure,  acting  as  a  cantilever  about  an  axis  through  r. 

The  requirements,  Nos.  2,  3  and  4,  are  therefore  so  inade- 
quately provided  for  as  to  have  been  found  useless  in  practice. 
In  fact  the  slot  may  readily  be  diminished  -j^  of  an  inch  by  a 
slight  pressure  of  the  hand  on  the  side  of  the  conduit.  The  same 
experiences  in  San  Francisco  and  Chicago  led  to  the  more  sub- 
stantial cast  and  wrought  iron  yokes,  embedded  in  concrete,  as 
seen  in  Figs.  2  and  3,  and  which  have  been  found  to  answer  every 
purpose,  resisting  the  severe  cold  of  20°  below  zero  successfully. 

The  remedy  proposed,  if  the  press  reports  are  correct,  consisted 
simply  of  a  horizontal  strut  S,  Fig.  4,  abutting  against  the  side  of 
the  tube  at  the  angle  and  the  tie  a,  passing  through  a  hole  in  the 
stringer  to  the  outer  end  of  this  strut  where  it  bears  on  a  cast 
angle  block.  The  rod  6  was  not  introduced.  This  system  would 
have  proved  insufficient,  as  it  was  merely  hung  upon  the  side  of 
the  tube  and  resisted  only  by  its  weight  in  addition  to  that  of  the 
earth  and  pavement  over  it.  By  introducing  the  tie  b  the  side  of 
the  conduit  has  been  made  a  trussed  girder  and  is  well  braced 
by  the  two  triangles  so  formed.  The  lower  end  of  6,  instead  of 
being  connected  with  the  brace  c,  which  is  drilled  to  receive  it, 
should  have  been  attached  to  the  channel  bar,  or  the  angle  iron 
of  the  tube. 

The  arrangement  of  Fig.  4  is  doubtless  the  cheapest  and  most 
eflTective  that  could  have  been  substituted.  It  was  claimed  at 
the  outset  that  the  repairs  would  cost  but  $500  per  mile.  A 
rough  estimate  would  bring  it  to  about  $15,000  per  mile,  which 
is  probably  considerably  below  cost. 

The  mechanical  and  sanitary  details,  the  benefits  to  the  travel- 
ing public,  and  the  rates  of  fare,  are  all  questions  which  there  is 
not  now  time  to  dwell  upon,  but  the  following  clippings  from 
The  Preas,  of  March  18th,  1886,  and  the  New  York  Herald,  of  July 
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13th,  1885,  will  give  much  additional  information  of  value,  by 
those  competent  to  know. 

"The  engineers  of  the  Philadelphia  Traction  Company  have  discoyered  that  in 
the  construction  of  the  cable  roads  on  the  West  Philadelphia  and  Columbia  Avenue 
lines  and  their  various  branches,  several  serious  mistakes  were  made  that  must  be 
rectified  before  the  lines  can  be  made  a  permanent  success.  It  is  said  that  the  road 
has  already  cost  between  $40,000  and  $50,000  per  mile  for  the  twelve  miles  of  road 
laid,  and  one  of  the  engineers  is  authority  for  the  statement  that  an  additional  ex- 
penditure of  about  $250,000  will  be  required  to  correct  the  blunders  in  design  and 
construction.  A  gang  of  nearly  a  hundred  men  was  at  work  yesterday  on  the  north 
side  of  the  city  buildings.  They  were  the  pioneers  in  a  task  of  immense  proportions. 
They  cut  out  the  carefully  laid  pavement  between  the  street  car  tracks,  dug  down  to 
a  depth  of  nearly  two  feet,  inserted  brand  new  wooden  ties  beneath  the  stringers  and 
altered  the  entire  system  of  iron  braces  by  which  the  cable  conduits  are  held  in  place. 
Before  this  task  of  reconstruction  is  completed,  the  same  work  must  be  done  through- 
out the  entire  system,  an  aggregate  of  about  twelve  miles  of  track  and  conduits,  in- 
cluding the  Columbia  and  West  Philadelphia  branches  of  the  road. 

The  Indications  of  Failure. 

Early  in  the  winter,  when  several  trial  trips  were  made  on  Columbia  Avenue,  the 
system  was  found  to  work  smoothly  in  mild  weather.  But  a  cold  wave  came,  and  the 
first  day  after  that  the  slot  through  which  the  grip  passes  was  found  to  have  con- 
tracted at  many  ^points  enough  to  retard  the  passage  of  the  car.  One  cold  night  the 
grip  of  one  of  the  cable  cars  became  hopelessly  jammed  in  the  slot,  and  a  score  or 
more  cars  on  Columbia  Avenue  were  delayed.  Since  then  no  cars  have  been  run  by 
means  of  the  cable. 

The  difficulty  was  easily  explained,  but  not  so  easily  rectified.  The  ground  of  the 
road-bed,  more  or  less  saturated  with  moisture,  had  suddenly  become  frozen.  Expan- 
sion naturally  ensued,  and  a  terrific  pressure  was  brought  to  bear  on  the  sides  of  the 
iron  conduits.  As  no  adequate  means  had  been  provided  to  counteract  this  pressure, 
the  slot  in  the  top  was  considerably  narrowed  by  the  lateral  pressure.  Superficial 
efforts  were  made  to  keep  the  slots  open  by  means  of  steel  wedges,  but  in  many  in- 
stances the  pressure  broke  them. 

The  mistakes  made  and  the  reconstruction  necessary  to  rectify  them  are  best  ex- 
plained in  the  words  of  one  of  the  engineers  now  engaged  upon  a  portion  of  the 
system,  who  talked  freely  of  the  matter  yesterday. 

''When  the  conduits  were  laid,"  said  the  engineer,  "the  ties  that  support  the 
stringers  on  which  the  rails  are  laid  were  simply  cut  through  and  their  ends  left 
sticking  out  (as  is  indicated  in  the  upper  part  of  Fig.  1),  which  represents  a  cross- 
section  of  the  conduit,  showing  the  stringers  and  one  of  the  cut  ties.  Of  course,  the 
cutting  of  these  ties  severed  the  only  brace  that  kept  the  track  gauge  at  its  proper 
width,  as  the  old  ends  of  the  ties  became  simply  blocks  for  the  stringers  to  rest  on. 

Faults  in  Constbuction. 

''The  braces  substituted  were  small  iron  rods  that  were  bolted  on  the  outside  of  the 
stringers  and  fastened  to  the  sides  of  the  conduits  just  below  the  slot.    These  thin 
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rods  were  expected  to  do  the  doable  duty  of  keeping  the  track  gauge  right  and  re- 
sisting the  pressure  that  tends  to  close  the  slot.  It  is  easy  to  see  that  they  were  in- 
capable of  doing  either,  since  the  old  fragments  of  the  ties,  being  simply  buried  sticks 
of  wood,  were  crowded  back  or  forward  with  every  contraction  or  expansion  of  the 
ground.  Not  only  has  this  resulted  in  partially  closing  the  slot^  but  in  many  places 
the  gauge  of  the  track — that  is  the  width  between  the  rails — has  been  considerably 
changed  and  the  rolling  stock  has  suffered  in  consequence. 

"It  is  a  fact  not  commonly  known — and  perhaps  the  officers  of  the  company  would 
not  care  to  have  it  known — that  since  the  conduits  were  laid  no  less  than  fifty  axles 
have  been  broken  under  the  horse  cars  running  over  the  traction  system.  This  has 
been  caused  by  the  strain  due  to  the  accidental  narrowing  of  the  gauge.  Of  course, 
the  ties  ought  never  to  have  been  cut  off  in  that  rough  manner,  and  the  bracing  rods 
ought  not  to  have  been  bolted  to  the  stringers  at  all. 

The  Pbofossd  Changes. 

'*The  changes  that  are  about  to  be  made  are  as  follows:  The  old  ends  of  the  ties 
must  be  replaced  by  stout  new  ties,  such  as  S  indicates.  The  inner  end  of  each  tie  is 
being  cut  so  as  to  fit  tightly  against  the  side  of  the  conduit.  The  outer  end,  extend- 
ing beyond  the  line  of  the  rail  and  stringer,  is  fitted  with  an  iron  shoe.  New  iron 
rods,  nearly  twice  as  thick  as  the  old  ones,  connect  the  conduit,  not  with  the  stringer, 
but  with  the  iron  shoe  bolted  to  the  end  of  the  tie  itself,  the  stringers  being  bored  so 
as  to  permit  the  passage  of  the  rods  through  them.  By  this  plan,  it  is  believed,  the 
ground  pressure  can  be  successfully  resisted,  and  so  long  as  the  nuts  on  the  rod  bolts 
are  kept  screwed  up  tight  the  slot  will  probably  remain  open  its  proper  width. 

''These  new  ties  and  rods  are  being  inserted  on  both  sides  of  the  conduit  and  at  a 
distance  of  four  feet  apart  When  it  comes  to  making  these  changes  along  some 
twelve  miles  of  track,  therefore,  you  can  get  some  idea  of  the  magnitude  of  the  under- 
taking. The  work,  however,  need  not  necessarily  prevent  traffic  over  the  road,  and 
during  the  mild  weather  the  company  may  even  be  able  to  use  the  cable  while  these 
alterations  are  in  progress.  Whether  or  not  they  will  accomplish  the  purpose 
thoroughly  can  only  be  learned  by  experience. 

"I  think  another  mistake  was  made  in  using  thin  plate  iron  in  the  construction  of 
the  conduits.  In  the  Philadelphia  system  the  slot  is  formed  simply  by  two  common 
angle  irons  laterally  bolted  to.  the  sides  of  the  conduit,  as  is  shown  in  Fig.  4.  The 
conduits  are  made  of  plate  iron  only  about  one-eighth  of  an  inch  thick,  and  the  angle 
irons  of  the  slot  are  about  the  same  thickness.  Every  heavy  wheel,  every  stroke  of  a 
horse's  hoof  upon  those  weak  angle  irons  is  liable  to  warp  them  or  crush  them  down- 
ward, in  the  absence  of  sufficient  support  beneath.  People  say:  'Has  not  this  system 
been  a  complete  success  in  Chicago  and  elsewhere?'  Most  people  do  not  know  that 
the  Chicago  system  and  the  one  now  being  built  in  New  York  are  constructed  upon 
a  wholly  different  plan.  In  the  systems  of  those  cities  heavy  iron  castings,  the  full 
width  of  the  gauge,  are  inserted  at  every  eight  feet  of  the  road.  These  castings  not 
onlj  form  the  orifice  through  which  the  cable  runs  and  the  slot  through  which  the 
grip  passes,  but  they  form  the  support  upon  which  the  rails  rest.  It  is  impossible 
therefore  that  either  the  rails  or  the  slot  should  spread  or  be  crowded  together.  The 
slot  is  constructed  upon  a  wholly  different  principle,  as  is  shown  in  Fig.  2  or  3." 

''Instead  of  thin  angle  irons  the  slot  is  fianked  by  heavy  pieces  of  steel  that  rise 

vol/,  v.— 9. 
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toward  the  street  surface  six  inches  from  the  castings  on  which  they  rest.  The  bolts, 
instead  of  being  inserted  laterally,  are  perpendicular,  so  that  the  strain  from  above 
comes  directly  upon  the  heavy  castiiigs,  and  not  upon  a  set  of  small  rivets  bolted 
through  the  sides  of  thin  plate  iron  conduits.  Another  difficulty,  apparently  unfore- 
seen by  the  designers  of  the  Philadelphia  system,  is  the  liability  of  injury  to  horses* 
feet.  I  understand  that  quite  a  number  of  valuable  animals  have  had  their  hoofe 
injured  by  catching.the  calks  of  the  shoe  in  the  slot  of  the  conduit 

"Another  change  that  has  been  found  necessary  is  in  the  construction  of  the  boxes 
or  manholes  that  are  placed  at  intervals  along  the  road  to  enable  the  workmen  to  gain 
access  to  the  cable  and  pulleys.  There  are  in  all,  I  believe,  between  500  and  600  of 
these  already  down.  Like  the  other  portions  of  the  line  these  boxes  were  made  of 
thin  plate  iron  capped  by  a  light  iron  lid,  and  they  are  already  found  to  be  too  weak 
to  withstand  the  wear  and  tear  of  the  street  traffic.  They  are  becoming  bent  and 
crushed  by  the  pounding  from  above  and  the  pressure  of  the  ground  in  expanding. 
To  rectify  this,  castings  are  now  being  made  which  will  be  inserted  in  each  of  these 
boxes  or  manholes.  The  lid  is  heavier  than  that  now  used,  and  it  rests  upon  strong 
supports  at  each  corner  which  run  down  all  the  way  to  the  bottom  level  of  the  con- 
duits, and  thus  bring  the  pressure  upon  the  ground,  where  it  ought  to  be. 

''Having  given  my  whole  time  for  months,''  the  engineer  concluded,  "to  the  work 
of  the  work  of  the  Traction  Company,  I  am  tolerably  familiar  with  the  defects  as  well 
as  the  strong  points  of  the  system,  and  however  much  the  officers  of  the  company  may 
desire  to  keep  these  defects  quiet,  I  believe  the  public  have  a  right  to  know  that  they 
exist,  and  that  the  correction  of  them  is  going  to  be  an  expensive  matter.  In  my 
opinion,  the  work  of  reconstructing  the  ties  and  braces,  with  the  incidental  tearing 
up  and  repaving  of  the  streets,  and  the  cost  of  replacing  the  boxes  or  manholes,  will 
involve  an  expenditure  of  $250,000."— From  the  Press  of  March  18iA,  1885. 

The  following  is  the  report,  in  part,  of  an  interview  with  an 
officer  of  the  company — a  synopsis  of  which  was  published  in 
The  Star  of  July  14th. 

"AH  difficulties  in  the  working  of  the  traction  road  have  been  with  the  men,"  said 
P.  A.  B.  Widener  at  his  office  on  Walnut  Street  yesterday.  "  The  mechanism  is  as 
nearly  perfect  as  machinery  can  be,  and,  with  the  improvements  which  we  have 
added,  ours  is  unquestionably  the  best  plant  of  the  kind  in  this  country.  We  have 
had  a  few  accidents,  of  course,  and  some  delays,  but  they  are  incident  to  operating 
new  machinery  with  men  only  partially  instructed  as  to  its  management.  It  speaks 
well  for  our  employes,  however,  that  up  to  this  hour  not  a  person  has  been  injured. 
I>oubt8  of  its  practicability  are  all  dispelled,  and  the  success  which  we  confidently 
foresaw  before  we  began  to  dig  a  trench  is  now  assured.  As  soon  as  we  have  thor- 
oughly equipped  the  two  lines  now  finished,  we  shall  go  ahead  to  adapt  the  cable 
system  to  every  main  line  we  control  in  the  city.  Our  entire  railroad  system  of  cars 
covers  180  miles  of  streets,  and  our  receipts  are  fifty  per  cent  of  all  the  fares  in 
Philadelphia." 
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How  THB  BOAD  IB  BuiLT. 

''I  have  neglected  to  ask  you  about  the  structural  details  and  the  rolling  stock?" » 
*'In  a  trench,  30  in.  deep,  the  wrought  iron  conduits  are  placed.  The  spaces  at  the 
sides  are  filled  with  concrete.  This  conduit  is  open  on  the  upper  edge,  and  the  slot 
IB  located  midway  between  the  rails  at  all  points,  except  where  switches  are  in  use. 
Each  section  of  this  tube  is  16  ft.  long,  and  every  32  ft.  there  is  a  wheel.  The  rope 
is  of  best  Boebling  steel,  1|  in.  in  diameter,  and  is  guaranteed  for  two  years.  Its 
tensile  strength  can  hardly  be  estimated,  but  it  is  sufficient  to  draw  a  continuous  line 
of  loaded  cars.  The  traction  cars  are  forty  per  cent  larger,  and  are  managed  by  a 
gripman  and  a  conductor.  One  fact,  proving  the  correctness  of  the  theory,  as  well  as 
the  efficiency  of  the  practice,  is  that  the  cable  works  just  as  well  on  a  curve  as  on  a 
straight  line.  The  cars  turn  ordinary  curves  at  exactly  the  same  speed  that  they 
maintain  at  other  points.  The  auxiliary  rope  from  Second  Street  to  Front,  already 
spoken  of,  runs  3}  miles  per  hour,  that  from  Twentieth  to  Second  at  7  miles  per  hour 
and  that  from  Twentieth  to  Forty-second  at  9  miles  per  hour." 

Helps  Peopebty  Values. 

^  What  is  the  effect  on  property  along  cable  roads?"  was  asked. 

^We  hardly  know  yet,  but  we  have  every  reason  to  expect  that  prices  will  be  im- 
proved," replied  Mr.  Widener.  "Captain  Cole,  of  the  Alaska  Commercial  Company, 
who  is  sitting  in  the  outer  office,  declares  that  in  San  Francisco  property  along  the 
cable  road  advanced  100  per  cent.  To  maintain  a  cable  road  you  must  have  a  certain 
amount  of  business  in  order  to  be  self-supporting.  It  costs  as  much  to  run  the  cable 
for  half  a  dozen  cars  as  for  half  a  hundred.  Small  roads,  or  feeders  to  the  main  line, 
are  more  cheaply  run  by  horses.  We  are  prepared  to  start  three  new  subordinate 
roads.  The  one  great  feature,  beyond  those  of  speed  and  economy,  that  renders  the 
cable  road  so  effective,  is  that  it  can  fully  accommodate  the  extraordinary  require- 
ments for  transportation  during  the  crowded  hours  of  the  morning  and  afternoon. 
This  no  horse  railroad  can  ever  possibly  do." 

The  following  additional  clippings  from  the  press  will  be  of 
interest,  as  showing  how  the  projected  motor  is  working  at 
present  in  this  city. 

"Street  car  riding  on  Market  Street  was  accompanied  with  considerable  risk  yester- 
day, provided  the  passenger  wanted  to  keep  an  engagement.  If  he  pinned  his  faith 
to  any  one  car  it  might  get  him  there  on  schedule  time  or  it  might  get  him  there  in 
four  hours.  Blocks  occurred  at  intervals  throughout  the  day,  the  most  serious  point 
of  obstruction  being  at  Ninth  Street. 

Between  6.30  and  7  o'clock  last  evening  four  blocks  occurred  at  this  point,  and 
shortly  after  7  o'clock  the  cable  was  stopped  and  the  cars  were  run  to  West  Phila- 
delphia by  horse-power. 

The  cars  were  also  blocked  several  times  during  the  day  and  early  evening  at 
Eighth  Street  and  other  points.  It  was  necessary  all  day  long  to  keep  men  and 
horses  stationed  at  short  distances  along  the  route  to  aid  in  keeping  the  procession  of 
cars  in  motion.  President  Widener  and  the  superintendent  of  the  company  directed 
matters  along  the  route  in  person  until  7  o'clock,  when  Mr.  Widener  drove  away  in 
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hlB  carriage.  Shortly  afterwards  the  cable  stopped^  when  the  superintendent  ordered 
several  horse  cars  to  jump  the  track  and  transfer  their  animals  to  the  grip  cars.  The 
superintendent  then  also  drove  away. 

Cabs  Along  the  Curb. 

At  7.30  o'clock  the  tracks  were  clear,  but  a  number  of  street  cars  were  standing 
along  the  curb  between  Seventh  and  Tenth  Streets.  The  principal  blame  for  the 
numerous  mishaps  is  shouldered  on  the  ignorant  drivers.  It  is  alleged  that  by  their 
carelessness  or  ignorance  the  grips  run  foul  of  the  wheels  supporting  the  cable  at  the 
junction  at  Ninth  and  Market  Streets.  Inquiry  at  the  depot  on  Market  Street,  above 
Nineteenth,  where  the  engines  that  operate  the  cable  are  located,  elicited  the  infor- 
mation that  a  mishap  had  happened  to  the  engine  and  that  the  cable  would  not  be  in 
operation  again  until  this  morning. 

One  employ^  said  that  some  of  the  cogs  on  the  big  wheel.had  broken,  but  another 
said  that  a  rod  which  had  been  used  temporarily  while  a  new  one  was  being  manu- 
factured had  broken  and  that  it  would  be  replaced  this  morning.  The  horse  cars  ran 
regularly  throughout  the  evening.  In  West  Philadelphia  the  blockades  were  quite 
as  serious  as  those  in  the  city.  They  occurred  at  intervals  throughout  the  day,  and 
at  various  points  from  the  bridge  to  Forty-first  Street.  The  greatest  difficulty,  how- 
ever, was  met  with  in  the  neighborhood  of  Thirty-third  Street.  In  the  morning  an 
accident  happened  that  almost  resulted  in  a  catastrophe. 

Fast  to  the  Cable. 

One  of  the  cable  cars  was  approaching  Thirty-third  Street  and  the  driver  attempted 
to  release  the  grip  and  bring  the  car  to  a  stop.  The  lever  refused  to  work,  however^ 
and  the  car  dashed  by  the  transfer  station  and  up  the  hill  that  begins  at  this  point. 
The  conductor  rang  his  bell  repeatedly  and  the  passengers  shouted  to  the  driver  to 
stop.  In  the  meantime  the  driver  was  tugging  frantically  at  the  lever,  but  it  refused 
to  relinquish  its  grip  on  the  cable.  The  driver  finally  gave  up  his  efibrts  to  free  the 
grip  and  devoted  his  attention  towards  warning  pedestrians  and  wagons  of  the  ap- 
proach of  the  car  by  pulling  away  at  the  gong. 

A  ruminative  mule  ambled  towards  the  track  at  Thirty-eighth  Street  The  gong 
clanged  furiously  and  the  driver  shouted,  but  the  mule  was  absorbed  in  reflection 
and  paid  no  attention.  The  car  struck  him  abaft  the  middle  and  rolled  him  gently 
over  on  his  side.  The  car  rattled  on  towards  Forty-second  Street,  where  a  procession 
of  cars  were  standing  in  line.  The  run-away  car  crashed  into  the  last  one  in  the 
line,  the  grip  was  broken  and  the  runaway  came  to  a  standstill.  The  platforms  of 
both  cars  were  demolished,  and  they  were  taken  to  the  repair  shops.  The  driver 
and  passengers  escaped  injury  by  jumping  from  the  car.  During  the  day  three  or 
four  grips  were  broken,  but  no  other  accidents  occurred.  There  was  a  great  deal  of 
grumbling  among  the  regular  patrons  of  the  Market  Street  line,  and  there  was  quite 
an  increase  in  the  receipts  of  the  Chestnut  and  Walnut  Streets  branch  of  the  Traction 
Company."— JVom  the  Times  of  Ju/y  16th,  1885. 

''It  was  announced  yesterday  that  the  cable  motor  cars  would  not  be  run  upon 
Market  Street  for  the  next  four  or  five  days,  as  certain  changes  were  to  be  made  by 
the  chief  engineer  and  his  assistants.  To  make  the  running  of  the  cable  as  noiseless 
as  possible  the  cogs  of  the  wheels  were  made  of  wood,  but  as  these  cogs  are  wearing 
out,  iron  ones  are  to  be  substituted  for  them. 
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Officials  of  the  Traction  Company  saj  that  when  this  change  in  the  cogs  is  made 
DO  more  trouhle  is  expected,  except  that  which  may  arise  from  the  inexperience  of 
the  'grip'  men.  It  is  claimed  that  the  delays  and  other  annoyances  that  have  been 
experienced  by  the  company  have  been  slight  in  comparison  with  those  met  with  in 
Chicago  when  the  cable  road  there  was  in  its  infancy  J* — I%e  Public  Ledger,  Jidy 
17th,  1886. 

"  Annesly  G.  Shockley,  colored,  16  years  old,  residing  at  1633  Darien  Street,  was 
ran  over  and  had  both  legs  broken  by  Gable  Oar-  No.  146  of  the  Union  Line,  at 
Eighth  and  Columbia  Avenae,  last  evening." — Public  Ledger,  Janucary,  9ih,  1885. 

This  was  the  day  of  the  trial  on  Columbia  Avenue,  when  the 
cars  were  to  have  begun  their  regular  trips,  and  it  was  found 
the  slot  was  closed  in  places. 

"The  cable  cars  resumed  their  trips  on  Market  Street  yesterday  in  full  numbers, 
bat  many  vexatious  delays  occurred,  charged  chiefly  to  the  inexperienced  gripmen. 
At  four  o'clock  in  the  afternoon  a  block  occurred  west  of  Broad  Street,  delaying  the 
cars  fully  an  hour.  An  additional  car  was  attached  to  some  of  the  cable  cars." — 
Ledger  of  Wednetday,  July  22d, 

"  And  at  this  date  (Aug.  4th),  cable  is  not  in  operation  because 
of  some  remaining  imperfections." 


SCALES  OF   MAPS. 

Pbof.  L.  M.  Haupt,  March  2l8t,  1885. 

The  Scale  may  be  defined  to  be  the  ratio  of  the  field  or 

object  to  the  plot  or  drawing — and  may  be  expressed  in  the 

form  of  a  fraction,  obtained  by  dividing  the  second  quantity 

by  the  first;  thus,  if  i^  represent  the  field  and  Pthe  plot, 

p 

the  ratio  or  scale  would  be-vf .    The  antecedent,  the  real 

tangible  object  to  be  represented,  being  the  unit  of  compari- 
son, is  made  the  divisor  or  first  quantity,  whilst  the  variable 

BoalM  or  ICttp*— Pifl*  A. 
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representation  of  that  object,  which  may  be  made  of  any 
size  sufficiently  large  to  show  the  parts,  is  taken  as  the  sec- 
ond quantity  or  consequent ;  as  in  a  geometrical  progres- 
sion, where  the  ratio  is  the  quotient  of  any  consequent  di- 
vided by  its  antecedent. 

Thus  if  n  represent  the  number  of  units  of  the  Field  cor- 
responding to  one  unit  of  the  Plot,  the  general  formula  be- 

P        1 
comes  an  equality  of  ratios,  -et  =  —  fr*^"^  which  it  follows 

that  F=  Pn  or  P  ==  — ;  in  other  words,  any  length  in 

the  field  is  obtained  by  multiplying  its  homologous  line  of  the 
plot  by  the  denominator  of  the  scale,  and  any  line  on  the  plot 
is  obtained  by  dividing  the  corresponding  field  dimension  by 
the  denominator  of  the  scale. 

The  units  must  invariably  be  of  the  same  denomination. 
By  observing  these  suggestions  no  confusion  can  arise  as  to 
what  is  meant  by  the  scale.  Thus,  1  mile  to  the  inch  = 
63360  inches  to  1  inch,  or  ^^ J^iy.     In  general  if  a  scale  (^A) 

be  represented  by  -^  and  another  (-B)  by  -h-  the  ratio  of 

^  to  -B  will  be  -,  =  -^c-  -5-  -^=  -^,  which  may  be  a 

whole  number  or  fraction.     If  iV=  2/S,  then  -.-  =  2,  or  -B 

A 

is  twice  as  large  as  A. 

Again  if  we  wish  to  make  a  new  scale  B  any  number  of 
times  a  given  scale  .4,  as  p  -4,  we  substitute  this  value  for 

B  in  the  above  equation  and  obtain  S= — ,  or  in  other  words 

P 
divide  the  denominator  of  the  fraction  expressing  the  given 

scale  by  the  multiplier  (whether  whole  or  fractional)  for 

the  denominator  of  the  new  scale.     Thus  if  ^=  63360  and 

phe  i,  s  will  be  190080,  and  the  scale  B  will  =  y^xyV^TF- 

It  should  be  remembered  also  that  a  larger  scale  always 

Bcftlea  of  U«p»— Pag*  B. 
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means  a  magnified  representation  of  the  surface  a«  compared 
with  some  other  map,  and  not  a  greater  number  of  linear 
units  to  the  inch  or  a  greater  area  of  surface  represented  in 
a  given  square  of  the  map.  For  instance,  6  miles  to  an 
inch  is  not  greater  but  less  than  one  mile  to  the  inch,  being 
but  i  the  size — ^that  is,  it  would  take  a  much  smaller  sheet 
of  paper  to  represent  a  given  area  at  6  miles  than  at  1  mile 
to  the  inch. 

The  scales  of  maps  expressed  decimally  are  to  be  avoided 
as  unintelligible^  as  e.  ^.,  the  number  .00020},  a  mixed  vul- 
gar and  decimal  fraction,  means  simply  a  scale  of  jVvV'  ^^ 
4800  feet  to  1  foot  =  400  feet  to  1  inch. 

It  is  always  desirable  to  use  the  largest  scale  for  the  field 
notes,  and  sub-multiples  of  these  for  the  compiled  sheets. 
So  far  as  possible,  the  same  scale  should  be  used  for  all  the 
parts  of  an  extended  survey,  that  the  several  sections  may 
be  united  in  a  general  map.  Exceptions  may  be  made  in 
case  of  special  features  requiring  more  minute  study. 

To  assist  in  determining  rapidly  the  equivalent  numbers 
of  such  variable  standards  of  comparison  as  may  be  repre- 
sented by  a  linear  unit  of  the  map,  or  the  reciprocal  extent 
of  map  covered  by  a  unit  of  the  standard,  two  tables  have 
been  prepared  which  will  be  found  appended.  To  these 
have  been  added  the  number  of  acres  to  the  square  inch  of 
map  for  the  various  scales  given  in  the  list.  These  will 
prove  valuable  in  rapidly  estimating  contents— ^by  counting 
the  number  of  square  inches  on  the  map,  or  by  the  use  of 
the  planimeter. 

Should  a  scale  be  sought  which  is  not  included  in  the 
table,  its  multiple  or  sub-multiple  may  be  found,  and  the 
quantities  taken  from  the  table  multiplied  by  this  factor 
will  give  the  required  amount  excepting  in  the  area  column. 
To  find  the  number  of  acres,  square  the  chains  as  given  in 
that  column  and  divide  by  ten. 

SealM  or  1bps— ?•(•  0. 
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TabU  of  Map  EquivcdenU  showing  the  number  of  units  of  different 
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A      —  1  — 

Miles  to 

Kilometers 

Chains  to 

Poles  to 

5o. 

Scale. 

one  iDcb. 

to  one  ineh. 

one  Inch. 

one  ineh. 

1. 

7Tl97Jfff     1 

116. 

186.6821 

9280.000 

87120.00 

2. 

#    •  ^   y    <    V  w 

,     33. 

68.1078 

2640.000 

10660.00 

3. 
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20. 

32.18663 

1600.000 

6400.00 

4. 

18.9393 

30.4791 

1516.161 
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5. 

A  a  W  V  V  V  ^# 

1     16. 
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6. 
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1262.624 

6046.60 

7. 
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1040.000 

4160.00 

8. 
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20.5994 

1024.000 

4096.00 

9. 
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12. 

19.3129 

960.000 

3840.00 

10. 

(    W  V  w    ^  V                    I 

i    11- 

17.7028 

880.000 

3520.00 

11. 
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16.1286 

801.768 

8207.07 

12. 
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10. 

16.09329 

800.000 

8200.00 

13. 

V   tf   U    W   V   V 

1      9.4696 

15.2398 

767.576 

8080.80 

14. 

V  ^'  w  w  V  w 

1       8. 

12.87466 

640.000 

2660.00 

15. 

V  W  V  o  *»  w 

7.8914 

12.6996 

631.313 

2626.26 

16. 

flTS^V 

7. 

11.2661 

660.000 

2240.00 

17. 

7VO0VV 

6.3131 

10.1597 

605.050 

2020.20 

18. 

^  **  w  w  w  w 

6. 

9.65587 

480.000 

1920.00 

19. 

W   O    V    A    V   V 

6.9185 

9.5239 

473.480 

1893.92 

20. 

ttbVvtf     ' 

6. 

1 

8.04664 

400.000 

.  1600.00 

21. 

JJSoUJiJi 

47348 

7.61992 

378.780 

1515.16 

22. 

ITslTV 

!      4. 

6.43732 

320.000 

1280.00 

23. 

ITUoTU" 

3.7878 

6.09670 

303.030 

1212.12 

24. 

2  ff  inriTzr 

8.15656 

5.07985 

252.525 

1010.10 

25. 

IfloVlTT       ' 

1      8. 

4.82793 

240.000 

960.00 

26. 

1 

1 8  01)  0  0 

2.6262 

4.0638 

202.020 

808.08 

27. 

TSWUUV 

2.86742 

3.80496 

189.393 

757.67 

28. 

T2672Tr       1 

2. 

3.21866 

160.000 

640.00 

29. 

Tiojnnr 

1.89393 

3.05784 

151.616 

606.06 

30. 

To^rViny 

1.57828 

2.63995 

126.262 

606.06 

31. 

77   TJ^iy 

1.2626 

2.0319 

101.010 

404.04 

32. 

1.2600 

2.01166 

100.000 

400.00 

33. 

77  7ir 

1.21212 

1.9604 

96.967 

887.87 

34. 

Tf  jrT7 

1. 

1.6093 

80.000 

820.00 

35. 

VviTTTT 

0.94696 

1.52392 

76.767 

803.03 
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denominations  oorregponding  to  one  inch  of  Map  for  tforiotu  sealee. 


M •ton  to 
one  inoh. 


186682.18 
53107.86 
32186.635 
30479.7 
26749.27 

26399.2 

20920.9 

20699.416 

19312.96 

17702.3 

16128.6 

16093.29 

16239.8 

12874.66 

12699.6 

11266.1 
10169.7 
9665.87 
9623.9 
8046.64 

7619.9 

6437.333 

6095.7 

6079.8 

4827.93 

4063.8 

3804.9 

3218.66 

3057.8 

2639.9 

2031.9 
2011.7 
1960.6 
1609.3 
1523.9 


Tarda  to 
one  Inch. 


204160.0 
58080.0 
35200.0 
33333.3 
28160.0 

27765.7 
22880.0 
22528.0 
21120.0 
19360.0 

17638.9 
17600.0 
16666.6 
14080.0 
13888.8 

12320.0 
11111.1 
10560.0 
10416.5 
8800.0 

8344.3 

7040. 

6666.6 

6666.6 

5280.0 

4444.4 
4166.6 
3620.0 
3333.3 
2777.7 

2222.2 
2200.0 
2133.3 
1760.0 
1666.6 


Feet  to 

one  Inch. 


612480.0 
174240.0 
105600.0 
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84480.0 

83333.3 

70640. 

67584.0 

63360.0 

57080.0 

52916.6 
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50000.0 
42240.0 
41666.6 

36960. 

33333.3 

31680.0 

31250.0 

26400.0 

25000.0 

21120. 

20000.0 

16666.6 

15840.0 

13333.3 
12500.0 
10660.0 
10000.0 
8333.3 

6666.6 
6600.0 
6400.0 
6280.0 
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No.  of 

aeres  to 

the  eq.  In. 


229567. 
163840. 

159420. 
114656. 
104845. 

92160. 

74796. 

64283. 
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67392. 
40960. 
39865. 

31360. 
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14348. 
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9183. 

6372. 
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4448.6 

3587. 

2560. 

2296. 

1694. 

1112. 
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940. 
640.0 
673.7 
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Ref.  Book — SecUes  of  Maps, 


[Proc.  Eng.  dab. 


Table  of  Map  EquivaUnU  showing  the  number  of  units  of  different 


5o. 


36. 
37. 
38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 
50. 

51. 
52. 
53. 
54. 
55. 

56. 
57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 
70. 


Scale. 


75^2  a 


1 1 


Hiles  to 
one  ineli. 


0.9376 

0.78914 

0.7500 

0.63131 

0.6260 

0.62138 

0.6060 

0.6000 

0.5000 

0.47348 

0.4 

0.39457 

0.37500 

0.33333 

0.31666 

0.31250 
0.30303 
0.29700 
0.25000 
0.23674 

0.18760 

0.1578 

0.16625 

0.15151 

0.12500 

0.1136 

0.09471 

0.09375 

0.078913 

0.078123 

0.07575 
0  06250 
0.05681 
0.06261 
0.05 


Kilometers 
i  to  one  Ineh. 


I 


1.50874 

1.26996 

1.20696 

1.0169 

1.0058 

1. 

0.9752 

0.9656 

0.80465 

0.7619 

0.64373 
0.63967 
0.60349 
0.53589 
0.50798 

0.50290 
0.48762 
0.47796 
0.40232 
0.38099 

0.30174 
0.25417 
0.25100 
0.24376 
0.20112 

0.18378 
0.15286 
0.15092 
0.12695 
0.12582 

0.121881 

0.100561 

0.091391 

0.08463 

0.080466 


Chains  to 
one  ineh. 


Poles  to 
one  Inch. 


75.000 

300.0 

63.131 

252.52 

60.00 

240.00 

60.500 

202.02 

60.000 

200.0 

49.710 

198.88 

48.484 

193.93 

47.926 

191.70 

40.00 

160.00 

37.878 

161.48 

32.000 

128.00 

31.565 

126.26 

30.000 

120.00 

26.666 

106.66 

25.2526 

101.01 

26.000 

100. 

24.242 

96.96 

23.760 

96.04 

20. 

80. 

18.9393 

75.75 

16. 

60. 

12.626 

60.606 

12.500 

60. 

12.121 

48.484 

10. 

40. 

9.0909 

36.363 

7.5757 

30.303 

7.5000 

30. 

6.31313 

26.262 

6.250 

25. 

6.0606 

24.242 

5. 

20. 

4.5303 

18.121 

4.2060 

16.824 

4. 

16. 

Beelw  of  IUp»-Ps(«  F. 
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denominaUons  eorreiponding  to  one  inch  of  Map  for  various  9cale$, 


Heten  to 
one  inch. 


1508.73 

1269.9 

1206.976 

1015.9 

1005.83 

1000.0 
975.24 
965.59 
804.650 
761.9 

643.728 
639.673 
603.487 
535.897 
507.98 

502.906 

487.617 

477.96 

402.325 

380.99 

801.744 
254.177 
251.004 
243.763 
201.125 

183.782 
152.854 
150.924 
126.950 
125.8238 

121.88175 
100.5625 
91.391 
84.6334 
80.0466 


Tards  to 
one  inch. 


1650.0 

1388.8 

1320. 

1111.1 

1100.0 

1093.6 
1066.6 
1054.3 

880. 

833.3 

704.0 
694.4 
660.0 
586.6 
555.5 

550.0 

533.3 

522.72 

440. 

416.66 

330. 

277.77 

272. 

266.66 

220. 

200. 

166.66 

165. 

138.888 

134.166 

133.333 
110. 
100. 
92.592 

88. 


Feet  to 
one  inch. 


4950.0 

4166.6 

3960. 

8333.3 

3300.0 

3280.8 

3200.0 

3163.0 

2640. 

2500. 

2112.0 
2083.3 
1980.0 
1760.0 
1666.6 

1650.0 

1600.0 

1568.1 

1320. 

1250. 

990. 

833.33 

825. 

800. 

660. 

600. 

500. 

495. 

416.66 

412.50 

400. 

330. 

300. 

277.7 

264. 


Ko.  of 

acres  to 

the  sq.  In. 


562.5 

398.53 

360. 

255.05 

250.00 

247.00 

235.08 

229.67 

160.0 

143.48 

102.2 
99.64 
90.00 
70.859 
63.72 

62.50 

58.767 

56.45 

40.00 

35.87 

22.475 
15.942 
15.625 
14.070 
10. 

8.264+ 
5.739+ 
5.625+ 
3.985+ 
3.906 

3.672 

2.5 

2.066+ 

1.7713+ 

1.6 


Where  need. 


U.  S.  C.  S*  •   • 

u.k'aa  !  .' 

U.  S.  C.  8.  •   . 

GeoL  Surv.  Pa. 

U.  S.  0.  o*   •   • 

U«  S.  Co.*   • 

U.  D.  v/.  D.    •     • 

U.  S.  Co.   •   • 

U.  s.  Co.   •    . 

2dGeol.Sur.Pa. 

U*  D*  C  D.    •     . 

2dGeol.Sur.Pa. 

U.  S.  Co.  .   . 

No. 


36. 
37. 
38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 
50. 

51. 
52. 
53. 
54. 
55. 

56. 
57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 
70. 
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R^.  Booh — Scales  of  Maps. 


[Proc.  Eng.  Qab, 


Table  of  Map  EquivaleTUa  showing  the  number  of  units  of  different 


No. 

Scale. 

Miles  to 

Kllometore 

Chaine  to 

Poles  to 

one  Inch. 

to  one  inch. 

one  inch. 

one  inch. 

71. 

SoOO 

0.04734 

0.07610 

3.7787 

15.161 

72. 

t^jVt 

0.04687 

0.07541 

3.75 

15. 

73. 

tsVtt 

0.03945 

0.06396 

8.1565 

12.626 

74. 

S^OO 

0.03787 

0.06098 

3.0379 

12.1515 

75. 

rnv 

0.03125 

0.05029 

2.5 

10. 

76. 

T^tV 

0.02020 

0.032507 

1.6016 

6.406 

77. 

T^tV 

0.019728 

0.031697 

1.5767 

6.307 

78. 

T^V 

0.018939 

0.030678 

1.5151 

6.060 

79. 

TcftJf 

0.017046 

0.027520 

1.3636 

6.454 

80. 

loSff 

0.0157 

0.0254 

1.2626 

5.0605 

81. 

T  "ff 

0.01515 

0.024376 

1.2121 

4.848 

82. 

TV 

0.013258 

0.021399 

1.06057 

4.2420 

83. 

T   T 

0.0125      . 

0.02011 

1. 

4. 

84. 

7  "ff 

0.01136 

0.018378 

0.9091 

3.6363 

85. 

■yiv 

0.009471 

0.015285 

0.75767 

3.0303 

86. 

87. 

'$ 

0.0078913 
0.007575 

0.012695 
0.012188 

0.63131 
0.60606 

2.5252 
2.4242 

88. 

T 

V 

0.00568 

0.009139 

0.45303 

1.8121 

89. 

T 

TT 

0.004734 

0.007610 

0.37787 

1.5151 

90. 

T 

7 

0.003787 

0.006098 

0.30379 

1.2151 

91. 

jh 

0.003125 

0.005029 

0.25 

1. 

92. 

Tk 

0.001894 

0.003057 

0.15151 

0.6060 

93. 

^ 

0.000947 

0.001528 

0.07575 

0.3030 

94. 

i»-i\tn 

0.0006213 

0.001 

0.0497101 

0.1988405 

95. 

0.000568 

0.0009139 

0.045303 

0.181212 

96. 

A 

0.0001894 

0.0003057 

0.015151 

0.0606 

97. 

1 

1 

0.00001578 

0.00002536 

0.0012595 

0.00605 
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denominatuyM  eorreaponding  to  one  inch  of  Map  for  variouB  seale$. 


Meters  ^ 
one  inch. 


76.1057 
76.4138 
63.9673 
60.9811 
50.2906 

32.5079 

31.6973 

30.578 

27.520 

25.4177 

24.3763 
21.4046 
20.1125 
18.3782 
15.2854 

12.695 

12.18817 

9.1391 

7.61057 

6.09811 

5.02906 

3.0578 

1.52854 

1. 

0.91391 

0.30578 
0.025368 


T&rds  to 
one  inch. 


83.333 

82.5 

69.444 

66.666 

55.55 

35.555 
34.7222 
33.3333 
30. 

27.777 

26.666 

23.3333 

22. 

20. 

16.666 

13.8888 
13.3333 
10. 

8.3333 
6.6666 

5.555 

3.3333 

1.6666 

1.0936 

1. 

0.3333 
0.02777 


Feet  to 
one  inoh. 


250. 

247.5 

208.33 

200. 

166.66 

106.66 

104.166 

100. 

90. 

83.333 

80. 
70. 
66. 
60. 
50. 

41.666 

40. 

30. 

25. 

20. 

16.666 
10. 

5. 

3.2809 

3. 

1. 

0.083 


tfo.  of 

aores  to 

the  sq.  In. 


1.434+ 
1.406+ 

.9963+ 

.9182+ 

.6376+ 

.2611+ 

.2491+ 

.229+ 

.185+ 

.1594 

.146+ 

.112+ 

.100+ 

.0826+ 

.0573+ 

.0398+ 
.0367+ 
.0206+ 
.0143+ 
.0092+ 

.00637+ 
.00229+ 
.00057+ 

.0002474 
.000206+ 

.0000229+ 
.000000158+ 


Where  need. 


u.  s.  c.  a 
u.  s.  c.  8. 


U.  8.  C.  8. 
U.  8.  C.  8. 
U.  8.  C.  8. 


U.  8.  C.  8. 


U.  8.  C.  8. 


No. 


71. 
72. 
73. 
74. 
75. 

76. 
77. 
78. 
79. 
80. 

81. 
82. 
83. 
84. 
85. 

86. 

87. 
88. 
89. 
90. 

91. 
92. 
93. 
94. 
95. 

96. 
97. 
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Ref,  Booh — Scales  of  Maps. 


[Proc  Eng.  Qub, 


A  Beeiproeal  Table  of  Map  Equivalents  showing  the  number  of  inches  of 


No. 

SeaU. 

1  Mile. 

1  Kilometer. 

1  Chain. 

1  Pole. 

1 

1 

0  0086205 

0  005359 

0  00010775 

0  00002693 

2. 

7  Sift  7«0 
nF7o  "f  ST 

.03030 

.01882 

.000378 

.0000945 

3. 

M   w  V  y   www 

.06000 

.03106 

.000625 

.00015626 

4. 

A    *  W  1    A  w  w 

I  '2oi  OOff 

.05280 

.03280 

.000660 

.0001650 

5. 

.06250 

.03883 

.000781 

.00019626 

6. 

1  Ooi  000 
F!f8  8  8"ff 

0.06336 

0.03937 

.000792 

.00019800 

7. 

.076923 

.04780 

.0009616 

.0002404 

8. 

TTl  TO"F 

.078125 

.04854 

.0009766 

.0002441 

9. 

780*8  20 

.08333+ 

.05177 

.001041 

.00026026 

10. 

796^80 

.090909 

.056490 

.001136 

.000284 

11. 

7rT3  000 

0.09979 

0.06199 

.001247 

.00031175 

12. 

YTT  STTTJ" 

.10000 

.06213 

.001250 

.0003125 

13. 

8  0  0^000" 

.10560 

.06561 

.00132 

.0003300 

14. 

5  0  8*880 

.12500 

.07766 

.001562 

.0003906 

15. 

7w^(rxnr 

.12672 

.07874 

.001584 

.0003960 

16. 

ITT  TT7 

0.142857 

0.089736 

.001786 

.000446 

17. 

400*000 

.15840 

.09842 

.00198 

.0004950 

18. 

TYiy'*"T^?r 

.16666+ 

.10355 

.002083 

.00052075 

19. 

T75  (TO^O" 

.16896 

.10498 

.00211 

.00052800 

20. 

TTir'- 81717 

.20000 

.12426 

.002502 

.0006250 

21. 

"5 00  00  0 

0.21120 

0.13122 

.00264 

.0006600 

22. 

SSS*440 

.250000 

.155335 

.003125 

.0007812 

23. 

2 4 "0  000 

.26400 

.16403 

.003300 

.0008250 

24. 

2  00  007   ! 

.31680 

.19684 

.003960 

.0009900 

25. 

TB0*08ff 

.33333+ 

.20711 

.004166 

.0010416 

26. 

T70  507 

0.39600 

0.24605 

.004950 

.0012325 

27. 

"1  8  0  *  0  07 

.42240 

.26245 

.005280 

.0013200 

28. 

T5r*71I7 

.50000 

.31067 

.006250 

.0015625 

29. 

T50^777 

.52800 

.32807 

.006600 

.0016500 

30. 

TSJS^-^-^-^ 

.63360 

.39368 

.00792 

.0019800 

31. 

8~0  777 

0.79200 

0.49210 

.009900 

.0024750 

32. 

77*"107 

.8 

.49710 

.01 

.0025 

33. 

77  877 

.82500 

.512611 

.010312 

.0025780 

34. 

78  *  8  87 

1.00000 

.62130 

.012500 

.0031250 

35. 

70^007 

1.05600 

.65614 

.013200 

.003300 
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Map  and  parti  thereof,  of  the  various  seala  no\p  in  uae,  which  reprteeni 


1  Metre. 


.000005359 

.00001882 

.00003106 

.00003280 

.00003883 

.00003937 

.0000478 

.00004854 

.00005177 

.0000565 

.00006199  " 

.00006213 

.00006561 

.00007766 

.00007874 

.0000897 

.00009842 

.00010355 

.00010498 

.00012426 

.00013122 

.0001553 

.00016403 

.00019684 

.00020711 

.00024605 
.00026245 
.00031067 
.00032807 
.00039368 

.00049210 

.0004971 

.00051261 

.00062130 

.00065614 


1  T&rd. 


.00000489 

.0000172 

.0000284 

.0000300 

.0000355 

.00003600 

.0000437 

.00004438 

.0000473 

.0000516 

.0000566 
.0000568 
.0000600 
.0000710 
.0000720 

.0000811 
.0000900 
.0000946 
.0000960 
.0001136 

.0001200 

.000142 

.0001500 

.000180 

.0001893 

.0002250 
.0002400 
.0002840 
.0003000 
.0003600 

.0004500 

.0004545 

.00046875 

.00056800 

.000600 


Where  Used. 


!  Vo. 


.00000163 

.00000573+ 

.00000946+ 

.00001000 

.00001183+ 

.00001200 

.0000145 

.00001479 

.00001576+ 

.0000172 

.00001886+ 

.00001893 

.0000200 

.0000236+ 

.0000240 

.0000270 

.0000300 

.00003153+ 

.00003200 

.00003753+ 

.0000400 

.000047 

.0000500 

.0000600 

.00006310 

.00007300 

.0000880 

.0000946+ 

.0001000 

.0001200 

.00015000 

.00015151 

.00016625 

.00018933+ 

.000200 


Sherman's  March 
Sherman's  March 
U.  S.  C  S.  • 
Zilndia.  . 


U.  S.  O.  a,    • 


R.  B.  Va. 


U.  S.  C/.  s.   . 
U.S.Eng'8. 
TJ .  S.  C.  S.   . 
Eng.  Ord.  Sur 
U.S.C.S.  . 


1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 

23. 
24. 
25. 

26. 

U.S.C.S 27. 

Slierman's  March  .    .      28. 

U.  S.  C.  S 29. 

30. 

31. 
32. 
33. 
34. 
35. 


U.  o.  v/.  S.    • 
Ludlow's  Rep 
U.  o.  C>.  S.    • 
Barnes'  Pa.  Map,  1851 

U.S.C.S 

U.   O.   Cr.   S 

U.  o.  Co 

Ludlow 


L'.  S.  C.  S. 


u.  s.  c.  s. 


U.  8.  C.  S. 


Geol.  Surv. 
Fremont  . 
U.  S.  C.  8. 


Bosla  of  X«pe— P»gv  K. 


144 


Ref,  Booh — ScaleB  of  Maps, 


[Proc  Eag.  Gab, 


A  Beeiproeal  Table  of  Mmp  Equivalents  showiTig  the  number  of  inehee  of 


No. 


36. 
37. 
38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 

47. 
48. 
49. 
60. 

51. 
52. 
53. 
54. 
55. 

56. 
57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 
70. 


Scale. 


59    400 

TO    OOO 
Tf9    600 

JT^TS 

Ty-^TT 

81    120 
TO    000 

15    OJilS 

TrVxyff 
t-Vttt 

7  *200 

Tnrnr 

5  VoO 


r^ 


1  Mile. 


1  Kilometer. 


i  Hoo 

I  ^«00 
S    SIS 


1.066666 

1.26720 

1.833333 

1.58400 

1.6 

1.60934 

1.65000 

1.66666 

2.000000 

2.11200 

2.50000 

2.53440 

2.66666+ 

3.00000 

3.16800 

3.2 

3.30000 
3.36698 
4.0 
4.22400 

5.33333 

6.33600 

6.4 

6.60000 

8. 

8.80000 
10.56000 
10.6666 
12.67200 
12.8 

13.20000 

16. 

17.6 

19.00990 

20. 


0.662801 
.78737 
.82844 
.98421 
.994202 

1.00000 
1.02522 
1.03509 
1.24260 
1.31228 

1.55334 
1.57474 
1.65692 
1.86403 
1.96842 

1.988404 

2.05044 

2.09206 

2.485507 

2.62456 

3.314009 

3.93685 

3.976808 

4.10088 

4.971014 

5.46784 

6.561423 

6.628018 

7.8737 

7.953616 

8.201770 
9.942028 
10.93568 
11.81173 
12.42434 


1  Chain. 


.013333 

.01585 

.016664 

.019800 

.02 

.020116 

.020662 

.0208333 

.02500 

.026400 

.031250 

.031680 

.03333+ 

.037500 

.03960 

.04 

!04125 

.042087 

.05 

.052800 

.06666 

.079200 

.08 

.082500 

.10 

.11000 

.132000 

.133333 

.15840 

.16 

.166000 

.2 

.22 

.237623 

.25 


1  Pole. 


.00333 

.0039625 

.0041660 

.004950 

.00500 

.0050290 

.00515550 

.0052083 

.0062500 

.0066000 

.0078125 

.0079200 

.008333+ 

.0093750 

.009900 

.010 

.0103125 

.0105275 

.0126 

.0132000 

.016666 

.0198000 

.020 

.020625 

.026 

.027600 

.033000 

.03333 

.039600 

.04 

.041260 

.05 

.056 

.05940675 

.0626 
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Map  and  parU  thereof ,  af  the  variotu  scales  now  in  uee^  which  repmenl 


1  X«tr«. 


.000662 

.00078737 

.000828 

.00098421 

.0009941 

.0010000 

.00102522 

.001035 

.0012426 

.00131228 

.00155334 
.00157474 
.00165692 
.00186403 
.00196842 

.001988 

.00205044 

.00209206 

.002485 

.00262456 

.003314 

.00393685 

.003976 

.00410088 

.004970 

.00546784 

.006561423 

.006628 

.0078737 

.007952 

.008201770 

.00994 

.0109356 

.01181173 

.012424 


1  Yard. 


.00060606 

.000720 

.000857 

.000900 

.0009090 

.0009144 

.0009375 

.000947 

.001136 

.0012000 

.0014190 

.00144000 

.00151515 

.0017040 

.0018000 

.001818 

.00187500 

.0019130 

.002272 

.0024000 

.0030303 

.0036000 

.003636 

.00375 

.004544 

.005000 

.006000 

.0060606 

.007200 

.007272 

.0076000 

.009088 

.01 

.0108010 

.0113181 


.00020202 

.0002400 

.000286 

.000300 

.0003030 

.0003048 
.0003125 
.0003156 
.0003786 
.0004000 

.0004730 

.0004800 

.00050505 

.0005680 

.0006060 

.0006060 

.0062500 

.0006376+ 

.0007575 

.0008000 

.0010101 

.0012000 

.001212 

.0012500 

.0015150 

.001666+ 

.002000 

.0020202 

.002400 

.002424 

.002500 

.003020 

.003999 

.003603+ 

.0037727 


Where  Ueed. 


U.  8.  C.  8. 

u.kc's. 

Geol.  ! 

u.k'c'a 

u.kc's. 
u.  's.'c.*  a 

ii.kds. 

u.kc's. 
u.  kc."  a 


No. 


36. 
37. 
38. 
39. 
40. 

41. 
42. 
43. 
44. 
45. 

46. 
47. 
48. 
49. 
50. 

51. 
52. 
53. 
54. 
55. 

56. 
57. 
58. 
59. 
60. 

61. 
62. 
63. 
64. 
65. 

66. 
67. 
68. 
69. 
70. 


SeideoriUps-rifftlL 


VOL.  v.— 10. 


146 


Ref.  Book — Scales  of  Maps. 


[Proc.  Eng.  Club, 


A  Beciprocal  Table  of  Map  EquivaUnia  shovring  the  number  ofinehea  of 


No. 

Scale. 

1  Mile. 

1  KUometar. 

1  Chain. 

1  Pole. 

71. 
72. 
73 

TTJTS 

21.12 

21.33333 

25.34400 

26.40000 

.32. 

13.122846 

13.256036 

15.74740 

16.40354 

19.88405 

.264 

.26666 

.31680 

.330000 

.4 

.066 
.06666 
079200 

74. 
75. 

1    Boo 

082500 

S  400 

1  iso 

.1 

76. 
77. 
78. 
79. 
80. 

1   80 

49.60000 
50.68800 
52.80000+ 
63.36000 
58.66666 

22.94414 

31.49480 

32.80708 

39.368538 

36.45231 

.618750 

.63360 

.660000 

.792000 

.73333+ 

.1546875 

.158400 

.165000 

.198000 

.18333+ 

81. 
82. 
83. 
84. 
85. 

nhs 

7  f 

66.00000 
75.42857 
80.30418 
88.00000 
105.60000 

41.00885 
46.86726 
49.89670 
54.67847 
65.61416 

.825000 

.942857 

1.003802 

1.100000 

1.320000 

.206250 

.23571425 

.2509505 

.275000 

.33000 

86. 
87. 
88. 
89. 
90. 

3  fO 

T   0 

TV 

126.72000 
132.00000 
176.00000 
211.20000 
264.00000 

78.73700 

82.01770 

109.35694 

131.22833 

164.03541 

1.584000 

1.650000 

2.2000 

2.640000 

3.300000 

.39600 

.412500 

.550000 

.66000 

.825000 

91. 
92. 
93. 
94. 
95. 

320. 

528.00000 
1056.00000 
1609.330 
1760. 

198.8405 
328.07083 

656.14166+ 

1000. 

1083.5694 

4. 

6.600000 
13.20000 
20.11663 
22. 

1. 

1.65000 

3.3000 

5.02916 

5.5 

90. 
97. 

t 

5280.00000 
,63360.00000 

3280.7083 
,39368.5000 

66.00000 
792.0000 

16.5000 
198.000 

fl«AlM  of  Mftps— Pact  K. 
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Map  and  parti  thereof,  of  the  various  acales  now  in  uae,  which  reprtaenl 


1  Metre. 

1  T&rd. 

1  Foot. 

Where  Used. 

So. 

.0131288 

.012 

.0121212 
.014400 
.015000 
.02 

.0281250 

.028800 

.030000 

.036000 

.03338+ 

.037500 

.0428547 

.0456273 

.050000 

.060000 

.072000 

.075000 

.100000 

.12000 

.150000 

.2 

.30000 
.600000 
.914392 
1. 

3.00000 
36.000 

.004 

.0040404 

.0048000 

.005000 

.007999 

.0093750 

.0096000 

.010000 

.012000 

.0111111+ 

.012500 

.0142849 

.0162091 

.016666+ 

.020000 

.024000 

.025000 

.033333+ 

.040000 

.050000 

.079999 
.100000 
.200000 
.304464 
.333333 

1.000000 
12.000 

71. 

.013256 

72. 

.01674740 
.01640864 
.0218712 

U.  O.  v/.  a 

U.  9.  C  O. 

73. 
74. 
75. 

.02294414 
.03149480 
.03280708 
•039368 

U.  o.  \j,  S.    .    .     .     .     . 

U.  D.  \j»  O 

U.acs 

76. 
77. 
78. 
79. 

•03645231 

80. 

•04100885 
.04686726 

81. 
82. 

.04989670 

83. 

.06467847 

84. 

.06561416 

8S. 

.07873700 
•08201770 

u.acs 

86. 
87. 

.10935694 

88. 

13122833 

89. 

.16403541 

90. 

.218712 

91. 

.32807083 

.6561416+ 
1. 

u.acs 

92. 

93. 

94. 

1093569 

95. 

3  2807083 

96. 

9.8421249 

97. 

of 


148 


Ref.  Booh — Distaneei  in  CUiea,  [Ptoc  Ebg.  Qdb, 


A  COORDINATE  METHOD   OF  ASCERTAINING   DIS- 
TANCES IN  RECTANGULAR  CITIES. 

JoHjr  H.  Dtb,  Jane  21tt,  1884. 

The  following  illustrates  the  method  of  ascertaining  the 
distances  (via  the  streets)  between  any  street  intersections 
in  a  rectangular  street  system,  as  applied  to 

PHILADELPHIA. 


DISTANCES  ON  SOUTH  BIDS  OF  MABKBT  STRBBT  FBOM  WEST  SIDE 

OF  DELAWARE  AVENUE, 


Hocix 

XCM. 


100 

200 
900 
400 
600 

eoo 

700 
800 
900 
1000 
1100 
1200 
1900 

i4bo 

IflOO 
1«00 
1700 
1800 
1900 
3000 
2100 
2200 
2300 

socio 

3100 
3200 
3300 


TO  ITEST  SIDE  OF       £ 


Delaware  Are 
Froat  St .  .  . 
Second  St .  . 
Third  St.  .  . 
Fourth  St.  . 
Fifth  St .  .  . 
Sixth  8t.  .  . 
Seventh  St  . 
iEighth  St .  . 
iNinthSt.  .  . 
Tenth  6t  .  . 
Eleventh  St . 
Twelfth  St.  . 
Thirteenth  St 
Broad  St  .  . 
Fifteenth  St . 
Sixteenth  St. 
Seventeenth  St 
Eighteenth  St 
Nineteenth  St 
Twentieth  St 
Twenty-flrst  SC 
Twentj'Second  St 
Twenty-third  St 
Schuylkill  River 
Thirtieth  St .  . 
Thirtj-flrat  St . 
Thirty-second  St . 
Thtrty-tbird  St  . 


«.> 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
00 
50 
113 
50 
50 
50 
50 
50 
50 
50 

eo 

50 

■        ■ 

60 

80 

eo 

60 


TOTAI. 

Dis- 

TAJfCB. 


0 
325 

776 

1326 

1771 

2226 

2678 

3118 

3565 

4010 

4456 

4902 

5348 

6794 

6435 

6881 

7327 

7773 

8219 

8665 

9111 

9656 

10112 

10435 

11360 

12027 

12573 

13060 

13746 


HOORB 

No*. 

Baon. 


3400  Thirty-fourth  St 

3600  Thirty-slxth  St 

3700  Thirty-seveoih  St 

3800  Thirty-eighth  St 

3900  Thlrty.ninth  St 

4000  Fortieth  St  .  . 

4100  Forty-flrat  St  . 

4200  Forty-second  8t 

4300  Forty-third  St . 

4400  Forty-fourth  St 

4500  Forty-flfth  St  . 

4600  Forty-sixth  St . 

4700  Forty-seventh  St 

4800  Forty-eighth  St 

4900  Forty-ninth  St . 

5000  Fiftieth  St.  .   . 

5100  Flfty-flrstSt.  . 

5200  Fifty-second  St 

5300  Fifty-third  St  . 

6400  Fifty.fourth  St. 

5500  Fifty-flfth  SC  .  . 

5600  Fifty-sixth  St . 

6700  Fifty-seventh  St 

5S00  Fifty-eighth  St 

5900  Fifty-ninth  St . 

6000  jSixtlethSt.  .  . 

6100  Sixty.flratSC. 


6200 
6300 


Sixty-second  St 
Sixty.thtrd  St  . 


TO  WEST  SIDE  OF  |  g 


60 
60 
60 
00 
60 
60 
40 
60 
60 
60 
60 
60 
60 
80 
60 
60 
60 
60 
60 
60 
60 
60 
80 
60 
60 
60 
60 
60 
100 


Tartx 
Dis- 


14307 
15067 
1J627 
16157 
16617 
17277. 
17809 
18443 
19037 
19490 
19898 
20450 
21010 
21640 
22050 
22610 
23170 
23790 
24290 
24800 
26464 
26014 
26574 
27114 
27674 
28234 
28794 
29354 
29964 
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HOBTH  OF  XASKST  ST. 


SOUTH  OF  XABKBT  8T. 


Dl«taiie«f,  on  West  Side  of  Broftd  St.,;  DiaUaeot,  on  West  Bide  of  Broad  St., 


from  South  Bide  of  Market  St. 


from  Bonth  Side  of  Market  St. 


Boon 

Km 
Ba*f]f. 


100 
200 

aoo 

400 


000 

•     « 

eoo 


700 
800 

'960 

1200 
1900 
1400 
IdOO 
1000 
1700 
1900 
1900 
9000 
SIOO 
S200 
2300 
8400 
2500 
2600 
2700 
2800 
2800 
8000 
8100 
8200 
3800 
8400 
8900 
8800 
8700 


TO  irOBTB  8IDB  OF 


Raee  8c 

Vine  St 

CallowhUl  St  .  .  . 
PenntylTanla  Are . 
Hamilton  St.  .  .  . 
Bnttonwood  St.  .  . 
Spring  Garden  St . 

Green  St 

Monnt  Vernon  St  . 
Wallace  St  ...  . 
FalrmonntATO  .  . 
Brown  St  ....  . 

ParrUhSt 

Poplar  St 

Oirard  Ave  .  .  .  . 
Thompson  St  .  .  . 

Master  St 

Jefferson  St ...  . 

Oxford  St 

Columbia  Ave  .  .  . 
Montgomery  Ato   . 

Berks  St 

Norris  St 

Diamond  St ...  . 
Susquehanna  Ato  . 
DaupLin  St  ...  . 

York  St 

Gnmberland  St  .  . 
Uuatlngdun  St.  .  . 
Lehigh  Ave  .  .  .  . 
Somerset  St ...  . 
Cambria  St  ...  . 
Indiana  St  ...  . 
Clearfield  St  .  .  . 
Allegheny  Ato  .  . 
Westmoreland  St  . 

Ontario  St 

Tioga  St.  ...... 

Venango  St  ...  . 

Brio  Ato 

Germantowtt  Ave  . 


I 


Arch  St 66 


flO 
do 
70 
80 
80 
40 
120 
70 
fiO 
80 
80 

00 

60 
80 
80 
fiO 
50 
flO 
60 
flO 
60 
fiO 
70 
60 
60 
60 
60 
60 
80 
60 
60 
60 
60 

120 
60 
60 
60 
60 

120 


TOTAI.   ' 

ROVSB 

Di».   1 

No*. 

TAMCB. 

Bmoi. 

830 

100 

1496  • 

aoo' 

2178 

■    •    ■ 

2747 

800 

9019 

1  400 

8275 

600 

8494 

1  600 

3821  > 

700 

4289 

800 

4630  ' 

900 

4782  ' 

1  1000 

6480  ' 

1100 

6789  1 

1  ■   •   • 

6195  ' 

1200 

66.M) 

1,300 

7121 

1400 

7749 

1500 

8217 

16O0 

8722 

1700 

9247 

1800 

9771 

1900 

ia331 

2000 

10831 

•   •   • 

11431 

2100 

11981 

2200 

12571 

2300 

13151 

2400 

13701 

2600 

14251 

2600 

14801 

■   a   • 

1.5401 

2700 

15971 

2800 

16521 

2.900 

17071 

3000 

17621 

3100 

18241 

3200 

16791 

4300 

19.341 

19801 

20441 

21061 

TO  SOUTH  SIDI  OF 


Sjn'1    Tvtu. 

^  O  I     TAXCB. 


Chestnut  St ...  .    55 

Walnut  St 50 

Locust  St '60 


Sprnce  St 

Pine  St 

Lombard  St ...  . 

South  St 

Bainbridge  St .  .  . 
Catharine  St .  .  .  . 
Christian  St ...  . 
Carpenter  St .  .,  .  . 
Washington  Ave .  . 
Ellsworth  St . .   .   . 

Federal  St 

Wharton  St ...  . 

Reed  St 

Dickinson  St. .  .   . 

Talker  St 

Morris  St 

Moore  St.  ....  . 

MiminSt 

HcKean  St  ...  . 
Passyunk  Ave.  .  . 
Snyder  Ave  .  .  .  . 

Jackson  St 

Wolf  St 

RitnerSt 

Porter  St 

Shunk  St  

Moyamensing  Atc  . 
Oregon  Ave  .  .  .  . 
Johnston  St ...  . 

Blgler  St  

Pollock  St 

Packer  St 

Curttn  St 

League  Island .  .  . 


60 
50 
60 
61 
50 
60 
66 
50 

100 
60 
60 
50 
60 
60 
60 
50 
60 
60 
60 
60 
75 
60 
60 
90 
60 
60 
60 

120 
60 
60 
60 
60 
60 


684 

1094 
1514 
1964 
2487 
2819 
3192 
3512 
4241 
4531 
4882 
6.353 
6738 
6123 
6695 
7145 
7595 
8045 
8595 
8945 
9:{95 
9845 

1*0307' 
10755 
11216 
11675 
12135 
12595 
12924 
13115 
13575 
14036 
14496 
14955 
1.VI15 
2CVM4 


BzAMPLB.^Wantod,  the  distance  from  Sixth  and  Dickinson  Streets  to  Thirty- 
Mcond  and  Market  Streets. 

Thirty-second  Street  •- 13,060 

Deduct  Sixth  Street  •- 2,672 


From  Sixth  to  Thlrty-seoond,  on  Market  Street  •-....  10,388 
Add  Market  to  Dickinson  Street  »- 7,595 


Total  from  Sixth  and  Dickinson  to  Thirty-second  and 

Market  Streets  » 17,983 
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RELATIVE  COST  OF  HAULAGE,  IN  THE  ANTHRACITE 
MINES  OF  PENNA.,  BY  MULES  AND  LOCOMOTIVES. 

A.  W.  Shbapbb,  lfoTemb«r  Itt,  1884. 

Kalmia  Colliery,  Schuylkill  Co.,  Pa.*  Thickness  of 
coal  bed,  6'  to  10'.    Tonnage,  1882,  201,000  tons. 

Length  of  main  gangway,  about  3  miles,  principally  in 
straight  line.  Bound  trip,  6  miles.  Three  locomotives  in 
constant  use. 

Locomotives,  Baldwin  inside  connected,  Class  4-10  C. 


One 

Stxtmn 

SftTing  by 

LocomotiTe. 

Malas. 

LooomottTe. 

Time  of  trip. 

Ih.  40m. 

Haul  of  cars  per  trip,  2i  tons 

capacity  eacn, 
Hau  of  cars  per  day. 

18  to  26 

133 

133 

Average  steam  pressure. 

105  lbs. 

Average  expense  per  day. 

, 

Coal,  1097  lbs 

$1.35 

Oil,  waste,  packing,  etc.. 
Repairs  ana  renewing  (estim'd), 

.70 
.60 

Wages,  engineer   and    boy  to 

switch,  etc.. 

3.33 

Feeding,  shoeing,  repairs  to  har- 

ness, depreciation  and  death. 

@  83c.  per  day. 

$13.28 

Drivers,  one  for  6  mules,  @ 

• 

S1.70  per  day. 

4.53 

Oil  and  cotton. 

.40 

Total  expense  per  day. 

86.98 

$18.21 

Cost  per  car  per  3  miles, 

4.6c. 

13.69c. 

"     "     "     "   mile. 

1.6c. 

4.56c. 

3.06c. 

"     "    ton,"      " 

.6c. 

1.82c 

1.22c. 

Per  day, 

S12.23 

Use  of  mules  also  requires  more  cars  (124 :  92),  more 
turnouts,  and  more  repairs  to  roads. 

*  These  resaltfl  were  obtained  from  Thoe.  H.  PhUlips,  Bnpt.,  and  are  based 
on  the  work  of  the  year  1882. 
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THE  BLUE  PRINT  PROCESS. 

R.  W.  JoHBs,  NoTemb«r  Ist,  1684. 

1.  Cover  a  flat  board,  the  size  of  the  drawing  to  be 
copied,  with  two  or  three  thicknesses  of  common  blanket  or 
its  equivalent. 

2.  Upon  this,  place  the  prepared  paper,  sensitive  side 
uppermost. 

3.  Press  the  tracing  firmly  and  smoothly  upon  this  paper, 
by  means  of  a  plate  of  clear  glass,  laid  over  both  and 
clamped  to  the  board. 

4.  Expose  the  whole — In  a  clear  sunlight — from  4  to  6 
minutes.  In  a  winter's  sun,  from  6  to  10  minutes.  In  a 
clear  sky,  from  20  to  30  minutes. 

5.  Remove  the  prepared  paper  and  pour  clear  water  on 
it  for  one  or  two  minutes,  saturating  it  thoroughly,  and 

^    hang  up  to  dry. 

The  sensitive  paper  may  be  readily  prepared,  the  only 
requisite  quality  in  the  paper  itself,  being  its  ability  to 
stand  washing. 

Cover  the  surface  evenly  with  the  following  solution, 
using  such  a  brush  as  is  generally  employed  for  the  letter- 
press: 1  part  Soluble  Citrate  of  Iron  (or  Citrate  of  Iron 
and  Ammonia),  1  part  Red  Prussiate  of  Potash,  and  dis- 
solve in  ten  parts  of  water. 

The  solution  must  be  kept  carefully  protected  from 
light,  and  better  results  are  obtained  by  not  mixing  the  in- 
gredients until  immediately  required.  After  being  coated 
with  the  solution,  the  paper  must  be  laid  away  to  dry  in  a 
dark  place,  and  must  be  shielded  entirely  from  light  until 
used.  When  dry,  the  paper  is  of  a  yellow  and  bronze  color. 
After  exposure  the  surface  becomes  darker,  with  the  lines  of 
the  tracing  still  darker.  Upon  washing,  the  characteristic 
Blue  tint  appears,  with  the  lines  of  the  tracing  in  vivid 
contrast.  Excellent  results  have  been  obtained  from  glass 
negatives  by  this  process. 
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REPRODUCTION  OF  DRAWINGS  IN   BLUE  LINES  ON 

WHITE  GROUND. 

A.  H.  Haig,  November  16th,  1884. 

The  following  process  for  making  photographic  copies  of 
drawings  in  blue  lines  on  white  background,  was  invented 
by  H.  Pellet,  and  is  based  on  the  property  of  perchloride 
of  iron  of  being  converted  into  protochloride  on  exposure 
to  light.  Prussiate  of  potash  when  brought  into  contact 
with  the  perchloride  of  iron  immediately  turns  the  latter 
blue,  but  It  does  not  affect  the  protochloride. 

A  bath  is  first  prepared  consisting  of  ten  parts  perchlo- 
ride of  iron,  five  parts  oxalic  or  some  other  vegetaole  acid, 
and  one  hundred  parts  water.  Should  the  paper  to  be 
used  not  be  sufficiently  sized,  dextrine,  gelatine,  isinglass 
or  some  similar  substance  must  be  added  to  the  solution. 
The  paper  is  sensitized  by  dipping  in  this  solution  and  then 
dried  in  the  dark,  and  may  be  kept  for  some  length  of  time. 
To  take  a  copy  of  a  drawing  made  on  cloth  or  transparent 
paper,  it  is  laid  on  a  sheet  of  the  sensitive  paper  and  ex- 
posed to  light  in  a  printing  frame  or  under  a  sheet  of  glass. 
The  length  of  exposure  varies  with  the  state  of  the  weather, 
from  16  to  30  seconds  in  summer,  to  from  40  to  70  seconds 
in  winter,  in  full  sunlight.  In  the  shade,  in  clear  weather, 
2  to  6  minutes;  and  in  cloudy  weather,  15  to  40  minutes 
may  be  necessary.  The  printing  may  also  be  done  by  elec- 
tric light.  The  print  is  now  immersed  in  a  bath  consisting 
of  15  to  18  parts  of  prussiate  of  potash  per  100  parts  of 
water.  Those  parts  protected  from  the  light  by  the  lines 
of  the  drawing  immediately  turn  blue,  while  the  rest  of  the 
paper  where  the  coating  has  been  converted  into  nroto- 
chloride  by  the  effects  of  light,  will  remain  white.  !Next, 
the  image  is  freely  washed  in  water  and  then  passed 
through  a  bath  consisting  of  8  to  10  parts  of  hydrochloric 
acid  to  100  parts  of  water,  for  the  purpose  of  removing 
protoxide  of  iron  salt. 

It  is  now  again  washed  well  in  clean  water  and  finally 
dried,  when  the  drawing  will  appear  in  blue  on  a  white 
background. 
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NOTES  AND  COMMUNICATIONS. 


DESCRIPTION  OF  THE  CONSTRUCTION  AND  MANNER  OF 

TURNING  OF  THE  LARGE  HOISTING  DRUMS  OF 

THE  CALUMET  AND  HECLA  MINING  CO. 

Beoiilab  MEETiNa,  Januabt  24th,  1885.— Mr.  Chas.  T.  Thompson  preBented 
the  following :  These  drums,  the  construction  and  manner  of  turning  which  I  am 
about  to  describe,  were  designed  hy  Mr.  £.  D.  Leavitt,  Jr.,  of  Cambridgeport,  Massa- 
chusetts, for  the  Calumet  and  Hecla  Mining  Co.,  of  Michigan,  and  were  constructed 
by  the  I.  P.  Morris  Co.,  of  this  city.  They  were  three  (3)  in  nnmber  (a  fourth  one 
haying  been  made^  but  not  turned,  some  time  before  and  shipped  to  the  mines  to  be 
there  turned).  They  are  20  ft  ^  in.  diameter  at  the  pitch  line  of  rope,  8  ft.  3  in. 
wide  on  face  of  winding  surface,  and  10  ft.  over  all.  They  run  loose  on  shafts  of 
Nashua  steel  15  in.  diameter.  Each  is  driven  by  a  spur  wheel  24  ft.  diameter,  keyed 
to  the  shaft,  from  which  power  is  taken  to  the  drum  by  a  wrought  iron  friction  belt 
The  rim  of  the  drums  is  of  cast  iron  and  is  in  eight  segments,  held  together  by  18 — 
H  in.  fitted  bolts  for  each  joint.  The  hub  is  of  cast  iron  9  ft.  9^  in.  long,  and  is  made 
in  two  pieces,  held  together  by  20—1}  in.  reamed  bolts,  and  24 — IJ  in.  bolts.  The 
hub  has  three  sets  of  circular  bosses  cast  on  it,  one  at  each  end  and  one  in  the  middle. 
These  are  so  arranged  that  the  radial  stays  (to  which  Twill  call  your  attention  later), 
may  pass  through  holes  cored  for  them  and  receive  nuts  on  each  side  for  adjusting 
the  length  of  the  stays.  The  hub  is  lined  with  babbitt  metal  which  extends  over  the 
«nds,  so  that  all  moving  parts  have  a  wearing  surface  of  the  material. 

One  of  the  peculiarities  of  these  drums  is  that  they  depend  almost  entirely  on  com- 
pression to  retain  their  shape.  The  rim  is  held  in  its  position  to  the  hub  by  48 — 2i  in. 
stays  which  are  fastened,  as  before  described,  to  the  hub.  On  account  of  the  small 
diametec  of  the  stays  their  use  as  struts  is  of  little  account,  but  the  whole  dependence 
must  be  placed  on  their  tensile  strength  to  keep  the  drum  in  its  place. 

There  are  besides  16—1}  in.  stays,  running  diagonally  from  one  edge  of  the  drum 
to  the  opposite  side  of  the  hub  for  stiffness.  These  have  tumbuckles  to  take  up  the 
strains.  On  one  side  of  the  rim,  separated  from  the  winding  groove  by  a  flange,  there 
is  a  groove  18  in.  wide  and  8  in.  deep.  This  is  for  wood  packing,  which  is  held  in 
place  by  countersunk  bolts,  and  upon  this  works  the  friction  bands  for  hoisting,  and 
the  brake  strap  for  lowering.  The  face  of  the  drum,  or  winding  surface,  has  a  turned 
groove,  or  thread  of  If  in.  pitch.    This  is  turned  for  the  rope  to  lie  in. 

On  the  opposite  end  of  the  drum  from  the  friction  groove  is  the  hole  in  which  to 
fasten  the  rope  to  the  drum.  This  hole  is  placed  at  the  end  of  the  thread.  Along- 
side of  the  drum,  keyed  fast  to  the  shaft,  is,a  spur  wheel  24  ft  diameter,  58  in.  face, 
4.71  in.  pitch,  on  one  of  the  arms  of  which  is  placed  a  pair  of  hydraulic  cylinders 
which  are  connected  to  a  bell  crank,  to  which  is  fastened  the  wrought  iron  friction 
belt,  8  in.  wide  by  half  an  inch  thick,  which  operates  the  drum.  This  works  on  wood. 
The  brake  for  lowering  and  holding  the  drum  is  the  same  size  as  the  friction  belt, 
and  is  also  worked  by  a  pair  of  hydraulic  cylinders  and  a  bell  crank,  but  these  are 
placed  on  the  platform. 

There  is  but  one  piston  rod  to  each  pair  of  hydraulic  cylinders  for  the  friction  belt 
and  brake  strap.    The  large  cylinder  is  7f  in.  diameter,  and  the  the  small  one  4  in. 
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diameter.  The  larger  is  used  to  apply  the  frictioD,  while  the  small  one  loosens  it, 
and  drives  the  large  one  back  again  to  its  former  position.  The  manner  of  connect- 
ing the  accumulator  with  these  cylinders  is  very  ingenious  and  deserves  mention. 
Two  holes  are  bored  in  the  main  shaft,  one  for  each  cylinder,  and  these  are  connected 
to  the  cylinders  by  pipes  tapped  into  the  shaft.  On  the  end  of  the  shaft  is  bolted  a 
small  brass  casting,  which  has  two  holes  cored  in  it,  ending  in  separate  outlets,  one 
near  the  shaft  and  one  farther  away.  On  this  casting  slip  two  circular  rings  with  a 
groove  cut  in  each.  These  grooves  match  the  outlets  of  each  hole,  and  to  these  rings 
are  joined  the  accumulators,  so  that  the  water  has  at  all  times  a  free  access  to  the 
cylinders.  These  rings  are  packed  on  each  side  by  a  leather  cup  (of  the  ordinary 
style  used  for  hydraulic  packing),  filled  with  hemp.  These  are  set  up  by  the  use  of 
screws. 

The  weight  of  the  car  for  which  this  drum  is  intended,  is  2  tons;  weight  of  load^ 
2  tons;  weight  of  rope,  2^  lbs.  per  foot;  length  of  shaft,  4,000  ft.;  incline,  39°;  dead 
weight  to  be  started  by  drum,  18,000  lbs. 

The  drum  runs  20  revolutions  a  minute,  giving  a  speed  of  skip  of  1,280  ft.  per 
minute.    Total  weight,  142,713  lbs. 

Owing  to  the  large  size  of  these  drums,  the  I.  P.  Morris  Co.  had  to  arrange  some 
way  to  turn  them,  as  their  pit  was  not  wide  enough.  The  following  plan  was  adopted : 
In  the  erecting  shop  two  small  foundations  of  brick  were  built.  On  these  were  placed 
two  frames  or  standards  of  cast  iron  8  ft.  6  in.  high,  9  ft.  wide  at  bottom,  5  ft.  6  in. 
wide  at  top,  weighing  17,440  lbs.  each;  these  were  suitably  braced  to  insure  great 
stiffness.  These  were  run  up  with  sulphur  to  insure  a  good  bearing  on  the  foundations. 
On  top  of  these  were  placed  adjustable  pedestals  of  Mr.  £.  D.  Leavitt,  Jr.'s  type,  and 
these  were  run  with  lead.  From  the  frames  cast  iron  girders  were  fastened,  reaching 
to  the  wall  of  the  building.  On  these  girders  another  girder  was  placed  to  hold  the 
lathe  bed.  The  carriage  on  the  lathe  consisted  of  a  long  flat  plate  with  suitable  V 
grooves  to  fit  the  ways  of  the  bed ;  several  T  slots  were  in  the  carriage  to  hold  the 
tool  carriage  in  place.  There  were  two  tools  used  at  a  time  in  all  cases,  except  in 
the  finishing  cuts.  The  side  motion  or  feed  was  carried  to  the  lathe  screw  direct 
from  the  shaft  of  the  drum  by  a  series  of  bevel  wheels  and  shafts.  On  the  end  of  the 
lathe  screw  was  placed  a  clutch  to  allow  the  throwing  of  the  feed  in  or  out  at  pleasure^ 
also  that  in  starting  the  cuts  the  carriage  could  be  moved  by  hand. 

The  drum  was  driven  by  a  small  engine,  with  its  own  boiler,  so  as  to  be  indepen- 
dent of  the  main  boilers  of  the  works.  Power  was  taken  from  the  engine  by  a  belt  to 
a  small  pulley,  from  thence,  by  a  system  of  gearing,  to  the  large  spur  wheel,  before 
mentioned.  This  was  fastened  to  the  drum  by  means  of  wrought  iron  yokes.  A  piece 
of  wood  was  used  between  the  arm  of  the  spur  wheel  and  yoke  on  the  driving  side. 
The  time  required  for  turning  and  cutting  thread  was  200  hours.  There  were,  as  I 
have  mentioned  before,  two  tools  used,  one  starting  from  the  edge,  and  the  other  about 
the  centre,  so  that  the  two  would  run  out  about  the  same  time.  One  cut  only  was 
taken  (except  in  case  of  last  drum,  where  two  were  necessary)  before  commencing  to 
cut  the  thread.  The  thread  was  a  part  of  a  circle  and  the  edges  were  rounded  off. 
The  thread  was  first  roughed  out  by  a  round  nose  tool,  and  when  nearly  to  a  proper 
size,  a  tool  of  the  right  shape  was  used  to  scrape  out  the  thread.  By  this  means  was 
obtained  threads  with  scarcely  a  perceptible  chatter  mtirk  in  them. 
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A  LARGE  IiAKD  DREDGE. 

Special  Bvbixbss  MxvnNO,  January  24th,  1885.~Mr.  John  C.  Traatwioe,  Jr^ 
exhibited  and  described  drawings  of  a  large  Land  Dredge  built  by  the  Osgood  Dredge 
Co.,  of  Albany,  New  York,  for  the  Pacific  Guano  Co.,  to  be  used  in  removing  8  to  15 
feet  of  material  from  the  phosphate  rock  at  Bull  Biyer,  S.  C. 

The  more  prominent  features  of  the  machine  are  the  car-bodj,  the  water  tank, 
boiler  and  engine,  the  A  frame,  (so-called  from  its  slight  resemblance  to  the  letter 
A,)  the  boom,  the  dipper-handle  and  the  dipper,  drawings  of  which  were  shown  and 
described  in  detail. 

Before  the  excavation  is  begun,  the  forward  end  of  the  car  (the  end  nearest  the  dip^ 
per),  is  lifted  clear  of  the  track  hy  means  of  3  screw-jacks.  When  the  machine  has 
excavated  as  far  in  advance  of  itself  as  the  length  of  the  boom  and  that  of  the  dipper- 
handle  will  permit,  saj  about  8  feet,  the  car  is  again  lowered  to  the  track,  the  screw- 
jacks  removed,  and  the  car  is  moved  forward  about  8  feet  by  winding  the  rope  upon 
the  drum ;  the  other  end  of  the  rope  being  attached  to  any  suitable  fixed  object  near 
the  line  of  the  track.  The  forward  end  of  the  car  is  then  again  lifted  by  means  of 
the  3  screw-jacks  and  the  digging  is  resumed.  The  machine  cuts  a  channel  from  25 
to  35  feet  wide,  and  deposits  all  the  dirt  upon  one  side.  If  necessary,  it  can  dump 
earth  about  25  feet  above  the  track.  The  miners  follow  in  the  wake  of  the  machine, 
getting  •ut  the  phosphate  as  fast  as  it  is  uncovered.  When  the  machine  reaches  the 
end  of  the  field  it  is  lowered  to  the  track  and  the  screw-jacks  are  removed.  Shoes  or 
skids  are  then  placed  upon  the  track  and  the  wheels  of  the  turntable  are  run  up  on 
them.  This  lifts  the  end  wheels  clear  of  the  track,  so  that  the  car  and  machine  rest 
entirely  upon  the  turntable.  By  now  blocking  the  turntable  wheels  and  winding  up 
only  one  of  the  ropes,  the  car  body  and  the  machine  are  swung  around  end  for  end. 
The  digging  is  then  resumed  in  the  opposite  direction,  the  temporary  track,  upon 
which  the  machine  travels,  being  shifted  to  one  side,  so  that  the  second  channel  is 
made  alongside  of  the  first.  The  earth  removed  in  cutting  this  second  channel  is 
dumped  into  the  first  channel,  the  phosphate  (as  stated  above)  having  been  first  re- 
moved. 

The  dipper  is  of  plate  steel  and  holds  If  cubic  yards  of  earth  when  even  full. 

The  machine  is  manned  by  an  engineer,  a  fireman  and  a  dipper-tender,  besides 
which  from  five  to  ten  laborers  are  required.    These  look  after  the  track,  etc 


THE  ARTESIAN^  (?)  WELLS  OF  XEW  YORK  CITY. 

Special  Business  Meetimo,  Januaby  24th,  1885. — The  Secretary  was  enabled 
to  present,  through  the  courtesy  of  Samuel  C.  Perkins,  Esquire,  who  had  loaned  it  for 
the  purpose*  a  description  of  the  so-called  Artesian  Welle  of  New  York  City,  em- 
bodied in  a  written  report  thereupon  by  Dr.  Cyrus  Edson,  Chief  Inspector  of  tlie 
Health  Department  Of  nine  wells  examined  by  Dr.  Waller  (the  waters  of  eight  of 
which  were  used,  without  treatment,  in  the  manufacture  of  soda  and  mineral  waters) 
all  but  one,  which  was  pronounced  *' doubtful,'*  are  characterized  as  ''bad  and  ex- 
tremely dangerous  for  drinking  purposes."  All  but  one  of  the  wells  are  under  70  ft. 
deep.    The  .explanation  of  this  pollution  is  given  as  follows : 

"The  strata  composing  the  island,  originally  deposited  in  a  horizontal  position, 
have  been  thrown  into  folds,  probably  by  the  geological  changes  eflfected  by  the  erup- 


^ 


156  Notes  and  GommunieaHons,  [Proc.  Eng.  Club, 

tioa  of  the  material  now  forming  the  Palisades  (the  trap — a  solidified  form  of  lava). 
After  that  the  valley  of  the  Hudson  became  the  bed  of  an  immense  glacier,  which 
ground  off  the  top  of  the  ridges^  at  the  same  time  filling  up  the  hollows  with  the 
boulders,  sand  and  other  detritus  which  it  carried  with  it.  The  result  is  that  our 
island  consists  qf  the  upturned  edges  of  the  strata  so  worn  oS^  and  any  water  fidling 
on  the  surface  soaks  in,  guided  by  the  trend  of  the  strata,  to  make  its  appearance 
in  a  well  (whenever  such  may  be  sunk)  on  the  island.  In  other  words,  the  water  in 
any  of  the  wells,  however  deep,  is  the  drainage  from  the  district  closely  adjacent 
to  the  spot  where  the  well  is  sunk." 


AS  AUTOMATIC  CAR  COUPLER. 

Beoular  MiEBTiNG,  Mabch  2l8T,  1885. — Mr.  John  Wood,  Jr.,  visitor,  exhibited 
handsome  working  models  of  cars,  on  tracks,  equipped  with  the  Curtis  &  Wood  Auto- 
matic Car  Coupler,  and  fully  explained  its  workings.  Various  tests  of  the  model 
were  proposed  and  successfully  made.  The  inventors  claim  that  this  coupler  insures 
absolute  safety  in  coupling  and  uncoupling  cars,  a  great  saving  of  links  and  pins,  and 
much  time  in  making  up  trains;  that  it  can  be  applied  to  cars  with  little  or  no  greater 
cost  than  the  ordinary  draw  bar,  which,  in  fact,  is  used,  provided  with  an  automatic 
steel  hook  instead  of  the  ordinary  pin,  which  hook  has  about  double  the  strength  of 
the  pin  now  in  general  use;  that  it  has  all  the  advantages  of  the  present  link  and  pin 
coupler  as  to  coupling  to  the  ordinary  draw-head  or  any  other  having  a  link  or  pro- 
vided with  a  pin ;  that  it  can  be  applied  to  any  freight  car  without  changing  the  ordi- 
nary draft  rigging,  bolt  or  springs;  that  accuracy  of  coupling  with  the  links  in  any 
possible  position  is  assured  by  the  construction  of  the  bull-head  throat,  which  guides 
the  link  when  forced  backwards  to  the  proper  position.  When  it  is  desired  not  to 
couple,  the  uncoupling  lever  (at  outside  end  of  end  sills)  is  thrown  up,  thus  placing 
the  crank  in  an  opposite  position  and  making  it  impossible  to  couple. 


THE  OLD  WERNWAO  BRIDGET  AT  PHILADELPHIA. 

SPE(nAi«  BT78INE88  Meetino,  April  18th,  1885. 

Philadelphia,  April  ISth,  1885. 

Howard  Murphy,  Esq.,  Secretary  of  the  Engineert^  Clvb  of  Philadelphia, 

Dear  Sir: — I  take  pleasure  in  presenting  to  the  Club  in  behalf  of  my  father. 
Rich.  B.  Osborne,  Civil  Engineer,  of  this  city,  an  engraving  of  Wemwag's  Bridge, 
which  he  obtained  in  London  years  ago. 

This  structure  was  designed  and  built  by  Lewis  Wernwag  across  the  Schuylkill 
Biver  at  Fairmount.  The  comer-stone  was  laid  with  Masonic  ceremonies  April 
28th,  1812.  It  was  preceded  by  first  a  ferry  and  then  a  floating  bridge,  which  was 
twice  swept  away  by  floods,  in  1789  and  1810. 

The  Legislature  chartered  a  company  with  a  capital  of  $40,000  to  build  the  Wern- 
wag bridge,  and  to  hold  it  for  twenty-five  years.  It  was  a  wooden  structure,  with 
the  bottom  member  arched;  340  il.  span,  20  ft  rise;  there  were  five  trusses.  The 
span  was  98  ft  greater  than  any  other  in  the  world  at  that  time.  Each  truss  was  an 
open  built  beam  formed  of  a  bottom  curved  solid  built  beam  and  of  a  single  top  beam, 
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which  were  connected  by^  radial  pieoee,  diagonal  braces  and  inclined  iron  stays.  The 
bottom  curved  beam  was  composed  of  three  concentric  solid  built  beams  slightly 
separated  from  each  other,  each  of  which  had  seven  courses  of  curved  scantling  in  it^ 
each  course  6  in.  thick  by  13  in.  in  breadth ;  the  courses,  as  well  as  the  concentric 
beams,  being  firmly  united  by  iron  bolts,  etc  A  roadway  that  rested  upon  the 
bottom  curved  ribs  was  left  on  each  side  of  the  centre  truss,  and  a  footpath  between 
each  of  the  two  exterior  trusses. 

The  bridge  was  covered  in  by  a  roof  and  sheathing  on  the  sides.  Iron  stays  an- 
chored the  ends  of  the  trusses  to  the  abutments.  On  September  Ist,  1838,  a  fire, 
supposed  to  have  been  of  incendiary  origin,  destroyed  this  bridge,  and  no  attempt 
was  made  to  rebuild  until  1839,  when  the  City  of  Philadelphia  appropriated  $13,000 
toward  purchasing  the  rights,  and  the  County  Commissioners  contracted  with  Charles 
Ellet,  Jr.,  to  erect  a  wire  suspension  bridge  of  his  own  design.  This  bridge,  of  342  ft. 
span,  was  opened  January  2d,  1842,  and  stood  unimpaired  for  thirty  years. 

In  1874,  the  present  double-decked  iron  bridge,  designed  by  the  Chief  Engineer  of 
the  dty,  was  built  by  the  Keystone  Bridge  Company,  of  Pittsburg. 

Youra  truly, 

Percy  T.  Osborne. 


SEWERAGE  WORK  AT  ATLANTIC  CITY,  N.  J. 

Special  Business  Meetinq,  April  18th,  1885. — Mr.  James  F.  Wood  described 
the  Sewerage  Work  now  in  progress  at  Atlantic  City,  N.  J.  The  sewers  are  being 
laid,  under  contract,  by  Messrs.  Robinson  A  Wallace,  of  New  York,  who  expect  to 
lay  this  year  600  ft.  of  24-in.  pipe,  1260  ft.  of  20-in.  and  4,000  ft.  of  15-in.  with  their 
6-in.  connections.  The  above  will  drain  into  well  18  ft.  deep  by  24  ft.  6  ins.  diame- 
ter; this  well  will  be  covered  with  two  double  floors  6  ft.  apart  and  ventilated  by  brick 
stack  50  ft.  high.  The  main  sewer  cuts  the  town  in  half,  receiving  the  drainage  from 
the  long  avenues  on  both  sides.  The  sewage  is  expected  to  be  pumped  out  and 
carried  over  the  marsh,  somewhere,  and  utilized.  They  are  laying  the  pipes  with  fall 
of  7  ft.  to  the  mile  and  propose  to  flush  them  with  city  water.  In  laying  the  pipea 
they  have  to  sheet-pile  both  sides  of  the  trench,  which  is  12  ft.  deep  in  some  places^ 
the  piling  being  put  down  by  making  quicksand  with  city  water  and  dropping  them 
in.  They  have  3-in.  rabbit  so  as  to  make  joint.  Pipe  joints  under  water  are  made 
with  composition  of  North  Carolina  tar,  linseed  oil  and  lime;  the  piles,  after  filling 
up,  are  pulled  out  with  derrick,  capstan  and  old  horse. 


THE  BEAUMONT  ROCK  DRILL.. 

Special  Business  Meeting,  April  18th,  1886.— Mr.  Jones  Wister  presented  a 
description  of  the  Beaumont  Bock  Drill,  which  is  said  to  bore  a  7  ft.  2-in.  hole  at  the 
rate  of  from  42  to  120  ft.  per  week ;  to  be  suited  to  all  rocks,  but  the  very  hardest,  and 
to  avoid  the  leakage  and  foul  air  incident  to  the  use  of  dynamite.  The  workings  of 
the  drill  were  discussed  by  several  membere.  Mr.  John  Femie,  M.  Inst.  C.  E.,  who 
was  present  as  the  guest  of  the  Club,  at  the  request  of  the  Secretary,  described  the 
character  of  the  rock  formation  in  which  this  drill  had  been  used. 
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THE  PURIFICATION  OF  SEWAGE. 

Bnan7E88  Meetikg,  May  2d,  1886.— Mr.  Kenneth  Allen  presented  extracts  from 
a  paper  hy  Henry  J.  Barnes,  M.D.,  on  Purification  of  Sewage  by  application  to  land, 
with  especial  reference  to  the  City  of  Boston.  Efficacy  of  system  is  endorsed  by 
numerous  authorities.  Discbarge  into  rivers  found  a  failuf^  in  England  and  Prussia. 
In  England  there  are  200  sewage  farms.  Dr.  Frankland  states  that  the  sewage  used 
never  produced  disease  in  the  vicinity.  At  Women's  Prison,  Sherborn,  Mass.,  Col. 
Waring  employed  five  acres;  sewage  distributed  by  tile,  with  broken  joints,  14  feet  be- 
low surface,  5  feet  apart;  effluent  taken  by  cross-sections  of  tile  5  feet  below  surface, 
and  is  clear  and  odorless.    Analysis  shows  it  to  be  unsatisfactory. 

Utilisation  by  agriculture  and  filtration  proposed  for  Boston.  A  suitable  soil  will 
take  1  inch  sewage  per  day  with  impunity.  Gennevilliers  farm  cited,  where  effluent 
has  fewer  micro-organisms  than  the  Seine  on  entering  Paris.  Frost  no  objection.  In 
Dantzic  it  reaches  4  feet  in  depth,  but  effluent  never  falls  below  37°  F. 

In  the  discussion  following.  Dr.  H.  P.  Waloott  said  it  must  be  remembered  that  at 
Oennevilliers  the  quantity  of  sewage  used  was  optional  with  the  farmer. 

Dr.  C.  F.  Falsom  said  the  annual  loss  to  the  City  of  Boston  would  be  from  $20,000 
to  $50,000.    In  Paris,  Dantzic  and  Berlin  there  is  practically  no  alternative. 

Elliot  C.  Clarke,  C.  E.,  mentioned  Pullman  as  the  only  place  claiming  pecuniary 
profit  from  this  method.  House  sewage  only,  amounting  to  200,000  gallons  daily,  is 
disposed  of.  1,500  acres,  about  two  miles  from  town,  are  used.  In  1883,  but  150  acres 
were  used.  This  is  drained  by  pipes  about  6  feet  below  surface.  10  acres  are  used  as 
filter  beds.    After  one  season*s  application  the  sewage  should  be  omitted  one  year. 

Desmond  Fitz-Oerald  said  "it  would  be  a  great  waste  of  money  to  attempt  any 
scheme  of  utilization  at  present.'' 


THE  BORUP  COAIi  CHUTE. 

Business  Meeting,  May  2d,  1885.— Mr.  W.  F.  Newell,  member  of  Civil  Engi- 
neers* Society  of  St.  Paul,  introduced  by  Prof.  Haupt,  presented  a  description  of  the 
Borup  Coal  Chute,  which  is  designed  to  prevent  accidents  to  pedestrians  in  street 
openings,  for  convenience  in  receiving  or  removing  material,  and  for  ventilation  of 
cellars  and  vaults.  It  consists  of  a  cylindrical  sheet-iron  tube,  open  in  front,  to  per- 
mit the  dumping  or  throwing  in  of  the  coal.  It  is  raised  to  about  eighteen  inches 
above  the  sidewalk,  by  means  of  two  lugs  cast  on  the  under  side  of  the  lid,  which  fit 
and  lock  in  openings  cut  in  top  of  chute,  to  prevent  the  removal  of  the  lid  without 
raising  the  chute  above  the  elevation  of  the  sidewalk.  AHer  a  slight  turn,  the  lid  is 
taken  ofi^  and  the  throwing  in  of  the  coal  commenced.  When  finished,  the  lid  is  put 
in  place  on  top  of  chute^  the  reverse  turn  given,  which  locks  lid  to  chute,  and  allows 
the  latter  to  be  lowered  to  grade  of  pavement.  The  lid  cannot  be  removed  without 
raising  the  chute;  and  when  the  chute  is  lowered,  the  lid  is  secured  and  cannot  tilt, 
AS  can  ordinary  covers,  when  carelessly  replaced. 


IMPROVED  PROTRACTOR. 

Requlab  Meeting,  May  16th,  1885.— Mr.  Kenneth  Allen  exhibited  and  de- 
acribed  an  Improved  Protractor,  designed  by  Mr.  John  R.  Freeman,  Member  A.  S. 
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C.  £.,  Lawrence,  Maw^  and  made  b/  Memn.  Darling,  Brown  &  Sharpe,  Proyidence, 
B.  I.,  with  special  regard  to  accuracy  and  finish.  It  consists  of  a  plate  6  in.  x  12  in., 
bearing  an  11  in.  semicircle  graduated  to  20  min.  The  vernier,  reading  to  minutes,  is 
carried  on  an  arm,  through  the  centre,  to  which  may  be  accurately  attached  different 
arm?,  20  in.  long,  graduated  to  mm.,  ^^j^^  ft.,  ^  in.,  ^^  in.,  y^.j  in.  and  ^^Vv  '^^* 

The  error  from  eccentricity  of  centre  is  determined  within  \  min.  The  total  error 
at  any  part  of  arc  is  believed  to  be  less  than  ^  min.  In  use,  100  angles  are  easily 
plotted  in  an  hour,  and  in  a  year's  work,  its  price — 1 130— is  estimated  to  have  been 
saved.    The  whole  is  of  nickel-plated  steel. 


THE  POLIiUTION  OF  THE  UPPER  SCHUYLKILIi. 

Regular  MEirriNO,  May  16th,  1885. — Mr.  Dana  C.  Barber,  Assistant  Engineer 
of  the  Philadelphia  Water  Department,  in  charge  of  Sanitary  Surveys  and  Investiga- 
tion of  Biver  Pollution,  presented  an  account  of  the  Pollution  of  the  Upper  Schuyl- 
kill— being  a  brief  r^m^  of  some  of  the  more  notable  and  peculiar  features,  viz.:  the 
acid  pollution  from  the  coal  mines,  the  cesspool  drainage  of  Beading,  the  Pottstown 
water  supply,  the  winter  disturbances  in  the  quality  at  Phoenix ville,  the  drainage  of 
State  Insane  Asylum  at  Norristown,  etc 

The  sulphuric  acid  from  the  mines  about  Pottsville  has  been  decreasing  since  1868 
on  account  of  the  transfer  of  mining  operations  to  the  other  side  of  the  mountain, 
draining  into  the  Susquehanna,  and  now  amounts  to  but  one-third  of  its  former  quan- 
tity. The  most  now  comes  from  the  region  about  Tamaqua.  But  few  fish  live  in  the 
river  above  Beading,  and  the  water  is  unfit  for  use  in  boilers.  At  Beading,  the  acid 
is  neutralized  by  lime-water  from  Tulpohocken  Creek,  sulphate  of  lime  being  formed 
and  deposited.  The  water  just  below  Beading  would  be  very  pure  but  for  the  foul 
drainage  from  that  city — the  greatest  source  of  pollution  in  the  valley.  The  most 
peculiar  feature  there  was  the  underground  strata  of  cavernous  limestone,  into  which 
nearly  half  the  cesspools  and  privy  wells  are  dug,  and  thus  drained  of  liquid  waste 
by  natural  subterranean  channels  to  the  river. 

At  Pottstown,  eighteen  miles  below  the  enormous  pollution  from  Beading,  the  water 
supply  was  found  to  be  drawn  from  the  river,  and  that,  too,  at  the  lower  end  of  the 
town — below  the  discharge  of  much  domestic  sewage  from  the  town  itself.  The  local 
physicians  have  protested  against  this  practice  in  vain. 

The  water  supply  of  Phoenixville,  drawn  from  the  Schuylkill  above  the  town,  was 
ordinarily  very  good,  but  at  times,  in  winter,  when  the  river  was  frozen  over,  became 
▼ery  bad.  The  author  had  discovered  the  cause  of  this  to  be  due  to  the  peculiar 
course  of  the  channel  and  formation  of  the  river  bed  just  above  the  pumping  station, 
which  caused  a  deep  ice  jam  that  arrested  the  coarser  organic  impurities  and  sent  them 
into  the  reservoir. 

The  pollution  from  Norristown  was  very  serious,  especially  that  from  the  State  In- 
sane Asylum  near  the  town.  No  attempt  to  purify  any  kind  of  liquid  waste  before 
discharging  it  into  Stony  Creek  has  been  made,  except  the  water  closet  sewage 
(60,000  gallons  per  day,  from  1200  people),  which  had  for  two  years  been  treated  as 
follows:  the  sewage  was  first  settled  in  receiving  basins  and  afterward  filtered — first 
thtx)ugh  blocks  made  of  copperas,  plaster  of  Paris  and  purifying  lime  of  gas  works, 
and  then  throngh  finely  pulverized  blast  furnace  slag.    By  an  ingenious  arrangement. 
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the  filters  were  cleaned  by  perforated  water  pipes  passing  throagh  the  bottom,  flushing 
the  accumulations  back  into  the  settling  tanks  from  which  the  sludge  was  pumped  by 
a  steam  ejector,  and  run  by  gravity  to  a  distant  part  of  the  farm.  This  arrangement 
worked  well,  but  on  acoount  of  the  nuisance  from  the  unpnrified  sewage,  it  had  been 
decided  to  dispose  of  the  whole  by  sub-surface  irrigation. 

President  deKindeb 

read,  from  a  clipping  of  the  Public  Ledger^  of  recent  date,  the  following  expression 
used  at  a  meeting  lately  held  by  the  Homoeopathic  Society  of  thb  city — "In  quality 
we  have  a  fluid  from  which  a  dumb  brute  may  well  turn  in  dhtgust"  Mr.  deKinder 
said  that  he  was  bitterly  opposed  to  the  pollution  of  our  drinking  water;  that  he  was 
against  the  admission  of  sewage  and  other  deleterious  matter  into  the  river;  that  the 
intercepting  sewer  should  be  finished  without  delay;  and  that  the  great  need,  for  im- 
provement of  the  distribution  system  and  of  large  storage  basins,  should  be  attended 
to  at  any  cost  He  also  said  that  the  idea  of  sewage  matter  being  allowed  to  mix  with 
our  water  supply  was  very  disagreeable,  and  he  would  be  opposed  to  it  from  a  point 
of  cleanlinees,  even  if  it  had  no  efiect  upon  the  wholesomeness  of  the  water. 

But,  while  not  wishing  to  defend,  in  any  sense,  either  the  pollution  of  the  river  or 
any  delay  in  making  the  needed  improvements,  he  must  protest  against  such  extrava- 
gant language  as  had  been  used  by  this  Medical  Society.  There  was  abundant  proof 
to  show  that  impure  water  was  not  of  necessity  unwholesome,  and  eminent  authorities 
were  quoted  to  prove  this. 

He  further  stated  that  chemical  analysis  of  water  was  not  infallible,  and  that,  at  any 
rate,  the  chemist  could  only  state  the  results  of  his  analysis.  The  Sanitary  Engineer 
was  the  proper  authority  to  draw  the  oonclusions  and  to  sit  in  judgment  upon  the 
question  of  the  wholesomeness  or  unwholesomeness  of  the  water  supply,  for  he  oould 
judge  as  to  what  the  efiects  were  in  other  places  where  water  of  a  similar  quality  was 
in  use. 

Although  heartily  in  favor  of  an  improved  supply,  he  must  yet  contend  that  the 
death  rate  of  our  own  city  showed  that  things  were  not  so  fearfully  black  as  these 
gentlemen  of  the  Homoeopathic  Society  would  have  it  They  had  a  perfect  right  to 
think  as  they  pleased,  but  they  should  exercise  caution  before  unneoessarily  alarming 
the  community.  If  the  water  were  as  vile  as  they  would  have  it,  why  had  he  or  his 
family  never  been  warned  by  any  medical  authority  against  the  use  of  it,  notwith- 
standing several  members  thereof  had  been  under  medical  treatment  almost  continu- 
ously within  the  past  three  or  four  years? 

Few  doubted  that  running  water  would  purify  itself.  Exactly  what  eflect  the  run 
between  Manayunk  or  the  Falls  and  his  own  residence  had  upon  the  quality  of  the 
water,  he  could  not  say,  but  at  any  rate,  he  himself  and  thousands  of  others  drank  it, 
if  not  with  an  absolute  relish,  at  least  without  feeling  any  evil  etfects  therefrom. 


A  PROPOSED  REVIEW  OP  ENGINEERING  LITERATURE. 

Sfecial  Business  Meeting,  June  20th,  1885.— The  Secretary  presented  the  fol- 
lowing communication  from  Prof.  J.  A.  L.  Waddell : 

To  the  young  engineer  commencing  the  practice  of  his  profession,  and  indeed  to 
many  engineers  of  considerable  experience,  one  of  the  greatest  difiSculties  encountered 
is  to  ascertain  what  has  been  written  concerning  any  branch  or  subject  of  engineering. 
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and,  of  all  that  has  been  written,  what  is  and  what  ia  not  reliable.    In  this  difficulty 
what  is  the  yoang  engineer  to  do  ? 

There  are  but  two  courses  open  to  him :  the  first  is  to  search  through  such  standard 
works  as  those  of  Bankine,  Trau  twine,  etc. ;  and  the  second  to  consult  some  engineer 
of  greater  experience. 

If  he  does  the  first,  he  may  find  what  he  wants ;  but  he  is  liable  to  collect  a  mass  of 
conflicting  data,  to  choose  from  which  will  place  him  in  as  bad  a  predicament  as  be* 
fore ;  it  is  not  at  all  improbable,  though,  that  he  will  fail  to  find  any  data  whatsoever ; 
for  it  b  no  unusual  experience  to  discover  in  such  a  search  everything  except  the  one 
thing  sought 

Then  again,  many  of  the  technical  books  that  one  finds  in  libraries  are  antiquated : 
they  were  very  good  when  they  were  written,  but  have  served  their  day,  and  are  now 
fit  for  nothing  but  to  be  shelved  as  curiosities  of  literature  and  historical  references. 
On  the  other  hand,  a  great  deal  of  what  is  written  is  miserable  trash,  delusive  alike 
to  the  mathematician  and  to  the  practicing  engineer.  Whole  treatises  are  sometimes 
based  on  false  assumptions,  and  others  either  contain  so  many  mistakes  or  typographi-. 
cal  errors  as  to  render  them  entirely  useless.  The  value  of  a  book  of  reference  depends 
often  as  much  upon  the  proof-reader  as  upon  the  author. 

As  for  the  other  alternative,  the  young  engineer  has  first  to  ascertain  who  are  the 
authorities  upon  the  subject  under  consideration,  and*  second,  how  to  consult  them. 
Consulting  by  letter  is  generally  very  unsatisfactory,  and  consulting  in  person  is  oden 
out  of  the  question.  Besides,  the  engineer  consulted  may  not  have  the  time  or  the 
inclination  to  furnish  the  information  needed. 

Such  being  the  state  of  affairs,  the  questions  arise  "can  anything  be  done  to  ameli- 
orate matters,''^  and,  if  so,  "  in  what  manner.'' 

To  answer  these  questions  is  the  object  of  this  paper. 

The  work  to  be  accomplished  can  be  divided  into  two  parts:  first,  the  collection  and 
valuation  of  what  has  been  already  printed,  and  second,  the  improvement  of  future 
technical  works.  It  is  with  the  first  of  these  divisions  only  that  this  paper  aims  to 
deal:  the  second  will  be  discussed  by  the  writer  at  some  future  time. 

If  the  subject  of  engineering  be  properly  divided,  if  all  the  literature  upon  each  di- 
vision be  reviewed  by  two  of  the  best  authorities,  the  separate  reviews  collected  in  a 
book,  and  the  whole  thoroughly  indexed,  the  first  desired  object  will  be  accomplished. 

Would  not  the  publication  of  such  a  work  be  a  good  undertaking  for  the  Engineers' 
Qub  of  Philadelphia? 

That,  if  undertaken  at  all,  it  must  be  done  by  a  society  is  self  evident,  for  no  man 
is  capable  of  competently  reviewing  the  whole  subject  of  Engineering  Literature; 
nor  is  it  likely  that  any  engineer  has  enough  personal  influence  to  persuade  others  to 
help  him  in  such  a  task. 

In  choosing  the  reviewer,  however,  the  Engineers'  Club  should  not  confine  itself  to 
selecting  from  its  own  members,  because  many  of  those  most  competent  for  the  work 
do  not  belong  to  the  Club. 

The  book  would  simply  be  compiled  and  published  by  the  Club,  which  would  ob- 
tain credit  for  the  treatise  as  a  whole;  but  each  reviewer's  name  should  precede  the 
work  by  him  prepared. 

In  order  to  insure  the  success  of  any  such  undertaking  as  this,  it  should  be  estab- 
lished on  purely  business  principles. 

VOL.  V. — 11. 
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The  total  cost  of  the  book  would  be  small  compared  to  that  of  nearly  all  other  tech- 
nical works,  owing  to  the  absence  of  plates  and  other  illustrations ;  and  as  nearly  every 
English  speaking  engineer  would  purchase  a  copy  in  any  case,  the  price  could  be  so 
adjusted  as  to  insure  a  large  profit  over  and  above  the  total  cost  of  publication,  ad- 
vertising, selling,  etc.  Of  this  profit  a  certain  amount,  say  fifteen  per  cent.,  shoidd  go 
to  the  Club,  and  the  remainder  be  divided  among  the  reviewers.  Of  course  it  could 
not  be  expected  that  each  reviewer's  share  would  pay  him  for  the  time  spent  on  the 
preparation  of  the  MS.,  nevertheless  it,  in  connection  with  the  increase  of  knowledge 
and  the  reputation  gained  thereby,  ought  to  be  a  sufilcient  inducement  to  most  engineers 
to  undertake  the  task. 

Those  best  fitted  for  the  work  are  of  two  classes,  viz.,  authors  of  technical  books, 
who  are  usually  college  professors,  and  practicing  engineers,  and  it  would  be  well  to 
have  one  reviewer  of  each  kind  for  each  division.  There  is  no  one  better  fitted  to  re- 
view a  subject  than  he  who  has  already  written  a  treatise  thereon;  but  an  author  can- 
not very  well  review  his  own  book,  so  it  would  have  to  be  understood  that  the  other 
reviewer  would  be  responsible  for  that  portion  of  the  work. 

In  case  of  a  disagreement  between  two  reviewers,  a  referee  could  be  appointed  by  the 
same  committee  that  had  engaged  the  reviewers.  If  thought  advisable,  the  review  of 
each  book  might  be  initialed  so  as  to  place  the  responsibility  upon  the  proper  party, 
the  referee  initialing  any  disputed  portions. 

In  regard  to  the  committee ;  it  should  consist  of  half  a  dozen  leading  members  of 
the  Club,  who  are  residents  of  Philadelphia ;  and  it  might  in  some  cases  be  well  for 
them  to  consult  other  engineers  as  to  who  are  best  fitted  for  the  work.  They  should 
take  great  care  in  making  the  divisions  of  Engineering,  arranging  so  as  neither  to 
have  too  many  reviewers,  nor  to  make  the  amount  of  labor  for  any  reviewers  too 
great.  After  the  division  is  made  it  should  be  published  in  the  technical  journals, 
and  criticism  thereon  be  invited ;  for,  as  the  book  would  be  prepared  for  the  profes- 
sion, it  would  be  only  fair  to  allow  the  profession  to  have  something  to  say  concern- 
ing the  manner  in  which  it  should  be  prepared. 

A  certain  date  should  be  agreed  upon,  before  which  all  the  MS.  roust  be  handed 
in  to  the  publishing  committee ;  and  the  reviewers  of  each  division  should  sign  an 
agreement  to  have  their  MS.  ready  before  the  date  appointed.  The  time  allowed 
should  be  ample;  and,  in  order  to  avoid  delay,  a  rule  should  be  made  that  no  books 
issued  after  a  certain  date  be  reviewed  in  the  first  edition. 

Tlie  names  and  addresRes  of  the  reviewers  should  be  published  from  time  to  time 
in  the  principal  engineering  journals,  in  order  that  authors  and  publishers  of  techni- 
cal books  may  send  said  books  to  be  reviewed.  The  editors  of  engineering  periodicals 
would,  no  doubt,  very  willingly  insert  anything  to  aid  in  such  an  enterprise. 

The  first  step  for  the  reviewers  of  each  division  to  take  should  be  to  collect  all  the 
books  containing  anything  upon  the  subject  of  the  division;  the  next  to  cull  from 
these  all  that  are  worthless  or  antiquated;  the  next  to  arrange  the  remainder  as 
nearly  as  possible  in  their  order  of  merit,  so  that  it  may  be  to  the  reader  an  under- 
stood thing  that  the  best  books  come  first  upon  the  list,  thus  indicating  to  young  en- 
gineers what  are  the  best  books  to  buy ;  and  the  next  to  divide  up  the  work  between 
the  two  reviewers. 

The  principal  object  of  the  work  should  be  to  review  books  that  are  in  the  market, 
nevertheless  a  few  remarks  upon  the  most  important  pamphlets,  papen  in  society 
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transactions  and  technical  journals,  and  books  out  of  print  would  be  very  valoable» 
especially  if  it  were  stated  where  such  pamphlets  or  books  are  to  be  found.  It  might 
be  well  to  say  what  books  are  yalueless,  but  this  point  needs  consideration,  because  ot 
the  unpleasantness  it  might  generate. 

It  might  be  better  to  review  no  books  in  foreign  languages;  for  there  would  be  no 
limit  to  the  size  of  the  work,  if  foreign  literature  were  to  be  treated. 

The  preparation  of  a  second  edition  would  be  an  easy  matter,  the  work  consisting 
of  the  reviewing  of  books,  etc.,  published  since  the  first  issue,  the  insertion  of  these 
reviews  in  their  proper  places,  and  the  preparation  of  a  new  index. 

In  conclusion  the  writer  hopes  that  the  Club  will  look  favorably  upon  his  proposi- 
tion ;  for,  in  his  opinion,  the  publishing  of  such  a  treatise  would  be  not  only  a  great 
boon  to  the  profession,  but  also  a  lasting  credit  to  the  Engineers'  Club  of  Philadelphia. 


ABSTRACT  OF  MINUTES  OF  MEETINGS. 


Op  the  Club. 

May  2d,  1885. — Business  meeting. — President  J.  J.  deKinder 
in  the  chair;  45  members  and  5  visitors  present. 

The  Secretary  reported  that  the  house  No.  1122  Girard  Street 
had  been  secured  for  the  Club,  and  that  the  Board  of  Directors 
were  taking  such  action  as  would  enable  us  to  occupy  it  at  an 
early  day. 

Messrs.  J.  E.  Codman  and  T.  M.  Rogers,  Tellers,  reported  that 
110  votes  had  been  cast  and  the  following  gentlemen  elected 
Active  Members  of  the  Club:  Messrs.  Harry  B.  Hirsh,  Geo.  B. 
Price,  Louis  Schutte,  Max  Livingston,  John  L.  Gill,  W.  P.  Dodge, 
S.  P.  Mitchell,  Wm.  H.  Burr,  Heber  S.  Thompson,  Wm.  J.  Hoyt, 
and  Frank  H.  Taylor. 

Prof.  L.  M.  Haupt,  Chairman  of  Committee  appointed  at  last 
meeting  to  prepare  a  Memorial  to  the  Legislature  of  Pennsylvania 
upon  the  Continuation  of  the  Second  Geological  Survey  of  the 
State,  presented  the  following  report  from  that  Committee: 

To  the  Honorable  Lieutenant  Oovemor  Chauncey  F,  Black,  President^ 

and  the  Honorable  Amos  H.  Mylin,  President  pro  tern,  of  the 

Senate,  and  the  Honorable  James  L.  Graham,  Speaker  of  the 

House  of  Representaiives  of  Pennsylvania: 

Whereas,  The  Engineers'  Club  of  Philadelphia  recognize  the 

gross  errors  and  discrepancies  which  exist  in  all  of  the  best  maps 
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which  have  been  constructed  of  Pennsylvania  and  of  individual 
counties  in  the  State,  which  have  been  published  since  1816,  and 
which  are  based  upon  Melish's  State  Map,  constructed  under  au- 
thority of  the  Legislature  of  that  year;  and 

Whereas,  There  is  a  great  demand  among  those  citizens  of  the 
State  interested  in  all  surface  improvements  and  in  the  develop- 
ment of  the  natural  resources  of  the  State,  for  an  accurate  map, 
which  shall  establish  the  true  geographical  position  of  every 
point  on  its  surface  north  and  south,  and  east  and  west  from 
every  other  point,  and  the  elevation  of  all  points  above  tide,  so 
that  the  citizens  of  the  Commonwealth  shall  have  correct  maps 
of  their  respective  townships  and  counties  on  which  surface  im- 
provements may  be  outlined,  and  upon  which  surveyors  can 
place  land  lines,  and  mining  engineers  atid  geologists  can  trace 
mineral  outcrops  and  areas;  and 

Whereas,  The  Board  of  Commissioners  of  the  Geological 
Survey  have  entered  into  negotiations  with  the  United  States 
Geological  Survey,  and  the  United  States  Coast  and  Geodetic 
Survey,  and  a  plan  of  co-operation  has  been  proposed  by  which 
the  United  States  Surveys  will  expend  in  the  State  for  a  geo- 
graphical and  topographical  survey  $35,000  a  year,  if  the  State 
will  expend  $10,000  a  year,  and  which  co-operation  now  depends 
upon  the  granting  of  a  State  appropriation  by  the  Legislature  in 
accordance  with  the  recommendations  of  the  Board  of  Commis- 
sioners; and 

Whereas,  Such  State  maps  are  now  being  constructed  by  New 
York,  Massachusetts  and  New  Jersey,  it  is,  therefore, 

Resolved,  By  the  Engineers'  Club  of  Philadelphia,  that  they  re- 
spectfully petition  your  Honorable  bodies  to  speedily  pass  House 
Bill  497,  entitled  "An  Act  to  provide  for  the  continuance  of  the 
Geological  Survey  of  the  State,"  as  originally  introduced  and 
committed  to  the  Appropriation  Committee  of  the  House  of  Rep- 
resentatives, wherein  an  appropriation  of  $90,000  is  asked,  $20,000 
of  which  provides  for  the  continuance  of  topographical  work  and 
the  commencement  of  the  construction  of  an  accurate  map  of  the 
State,  and  your  petitioners  will  ever  pray. 

Upon  motion  of  the  Secretary,  the  Report  and  Resolutions  were 
unanimously  adopted  and  the  Chairman  of  the  Committee  em- 
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powered  to  forward  the  same,  in  proper  form,  to  the  Senate  and 
House  and  to  the  individual  members  thereof. 

The  Secretary  announced  that  he  had  referred  the  recently 
offered  amendments  to  the  By-Laws  to  the  Committee,  which 
now  has  the  complete  revision  of  the  By-Laws  in  charge,  and  is 
actively  pushing  its  work  to  completion. 

Mr.  T.  Everett  Austin  presented  a  paper  on  Fast  Passenger 
Locomotives. 

Mr.  Kenneth  Allen  presented  extracts  from  a  paper  by  Henry 
J.  Barnes,  M.D.,  on  Purification  of  Sewage. 

Mr.  W.  F.  Newell,  member  of  Civil  Engineers'  Society  of  St. 
Paul,  introduced  by  Prof.  Haupt,  presented  a  description  of  the 
Borup  Coal  Chute. 

May  16th,  1885. — Regular  meeting. — President  J.  J.  deKinder 
in  the  chair;  34  members  and  2  visitors  present. 

Mr.  Kenneth  Allen  exhibited  and  described  an  Improved 
Protractor,  designed  by  Mr.  John  R.  Freeman,  Member  A.  S.  C.  E., 
Lawrence,  Mass ,  and  made  by  Messrs,  Darling,  Brown  &  Sharpe, 
Providence,  R.  L,  with  special  regard  to  accuracy  and  finish. 

Mr.  Dana  C.  Barber,  Assistant  Engineer  of  the  Philadelphia 
Water  Department,  in  charge  of  Sanitary  Surveys  and  Investiga- 
tion of  River  Pollution,  presented  an  account  of  the  Pollution  of 
the  Upper  Schuylkill. 

It  was  discussed  by  President  deKinder. 

Mr.  C.  W.  Buchholz  presented  notes  as  to  the  Connection  of 
the  Baltimore  and  Ohio  Railroad  with  the  Philadelphia  and 
Reading  Railroad,  through  the  City  of  Philadelphia. 

June  6th,  1885.-r-Special  Business  Meeting. — ^Past  President 
Frederic  GraflF  in  the  chair ;  31  members  present. 

The  Secretary  reported  from  the  Board  of  Directors  that  ar- 
rangements had  been  finally  concluded  with  the  Girard  Estate, 
and  that  the  building  at  No.  1122  Girard  Street  is  to  be  occupied 
by  the  Club  for  a  term  of  five  years  at  an  annual  rental  of  $1,000, 
the  Girard  Estate  to  expend  $1,000  in  making  the  alterations 
and  repairs  desired  by  the  Club. 

The  By-Laws,  as  reported  by  the  Committee  on  revision  of  the 
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same,  were  then  taken  up  an'd  discussed  in  detail.  Two  amend- 
ments were  made,  and  the  revision,  as  thus  amended,  was  offered 
in  regular  form  as  amendment  to  the  present  By-Laws. 

The  Secretary  presented  a  communication  from  Mr.  Wm.  T. 
Blunt,  Secretary  of  a  Committee  appointed  by  the  Civil  Engineers' 
Club  of  Cleveland  to  investigate  the  relation  of  Army  and  Civil 
Engineers  in  the  Government  service,  and  report  a  line  of  action 
in  the  premises.  The  communication  requested  that  a  similar 
committee  be  appointed  by  this  Club.  On  motion,  the  consid- 
eration of  the  subject  was  postponed  for  the  present. 

On  behalf  of  Prof.  Louis  H.  Barnard,  Mr.  Dana  C.  Barber  pre- 
sented an  illustrated  article  upon  Stereographic  Projection. 

Mr.  Percy  T.  Osborne  presented  an  illustrated  description  of 
the  Sand-Bag  Embankment  to  close  Little  Inlet  on  Brigantine 
Beach,  N.  J.,  which  was  constructed  by  his  father,  Mr.  Richard 
B.  Osborne,  C.  E. 

Owing  to  the  lateness  of  the  hour,  the  reading  of  the  other 
papers  was  postponed. 

June  20th,  1885. — Special  Business  Meeting. — Past  President 
Lewis  M.  Haupt  in  the  chair;  23  members  present. 

The  revision  of  the  By-Laws  of  the  Club,  as  reported  by  the 
Committee  having  that  work  in  charge  and  amended  at  the 
Special  Business  Meeting  on  June  6th,  1885,  was  adopted  by 
unanimous  vote. 

The  Tellers  of  Election,  Messrs.  J.  E.  Cod  man  and  T.  M. 
Rogers,  reported  that  143  votes  had  been  cast  and  the  following 
candidates  elected  Members  of  the  Club :  Active  Members,  Messrs. 
Edward  Longstreth,  C.  A.  Sundstrom,  H.  N.  Sims,  F.  L.  Garrison, 
Herbert  C.  Pelton,  Geo.  W.  Hewitt,  W.  K.  Martin,  A.  G.  Mitchell, 
Wm.  T.  Forsythe,  Chas.  E.  Taylor,  Geo.  S.  Cheyney,  Jr.,  Edward 
H.  Johnston,  Charles  Wyeth,  Rudolph  Baizley  and  E.  L.  Corthell ; 
Associate  Members,  Messrs.  Wm.  S.  Moorhead,  W.  C.  Strawbridge, 
J.  Bonsall  Taylor  and  Justus  H.  Schwacke. 

The  Secretary  presented,  from  Prof.  J.  A.  L.  Waddell,  a  com- 
munication proposing  that  the  Club  organize  a  system  of  Review 
of  Engineering  Literature,  and  suggesting  methods  therefor. 

The  Secretary  presented,  for  Mr.  James  Beatty,  Jr.,  a  paper 
upon  the  Relative  Costs  of  Fluid  and  Solid  Fuels. 
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Prof.  L.  M.  Haupt  announced,  by  title,  a  paper  upon  the  Re- 
pairs to  the  Conduit  of  the  Philadelphia  Traction  Company, 
which  will  probably  be  ready  for  publication  during  the  summer. 

The  Secretary  presented,  for  Mr.  C.  W.  Buchholz,  a  Memorial 
of  the  late  William  Lorenz,  reviewing  hi&  studies,  his  early  ex- 
perience, his  career  on  the  Philadelphia  and  Reading  Railroad 
from  topographer  to  Chief  Engineer,  his  great  scientific  and 
practical  ability,  and  last,  but  far  from  least,  the  extraordinary 
completeness  of  his  manhood. 

The  Club  adjourned  for  the  summer,  to  meet  at  the  call  of  the 
chair. 

Op  the  Board  of  Directoes. 


May  2d,  1885. — Special  meeting. — President  J.  J.  deKinder  in 
the  chair. 

The  Secretary  asked  the  Board  to  make  provision  for  attention 
to  the  moving,  furnishing  and  engagement  of  attendants  for  the 
new  house.  On  motion  of  Col.  Ludlow  the  President  and  Secre- 
tary were  commissioned  to  attend  to  these  matters,  except  as  to 
the  engagement  of  a  janitor,  which  was  referred  to  Mr.  Cleemann, 
who  had  recommended  a  person  to  the  Board  for  that  position. 

The  Secretary  presented  an  approximate  statement  of  the 
finances  of  the  Club  to  enable  the  Board  to  judge  as  to  our  ability 
to  meet  the  additional  expenses  about  to  be  incurred,  and  specially 
requested  the  Board  to  scrutinize  the  figures  and  to  point  out 
any  error  or  provision  which  had  been  omitted  or  miscalculated. 

The  Board  ofiFered  no  amendment  to  the  statement.  The  Sec- 
retary presented  a  letter  dated  May  2d,  from  Mr.  S.  S.  Cavin, 
Agent  Girard  Estate,  requesting  a  visit  from  our  committee,  the 
keys  of  No.  1122  Girard  Street  now  being  in  his  possession.  The 
Board  decided  to  inspect  the  house  and  make  arrangements 
therefor  in  a  body,  and  adjourned  to  meet  at  Office  Girard  Estate 
on  Monday,  4th  inst.,  at  4  o'clock  p.m. 

May  4th,  1885. — Adjourned  meeting  at  Office  Girard  EstateJ 
Twelfth  and  Girard  Streets,  Philadelphia,  President  J.  J.  deKinder 
in  the  chair. 

The  Board  proceeded  with   Mr.  S.  S.  Cavin,  Agent  Girard 
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Estate,  to  the  prospective  Club  House  at  No.  1122,  and  made  a 
careful  examination  of  the  premises. 

It  was  then  ordered  that  the  Secretary  should  formulate  the 
alterations  and  repairs  which  the  Board  had  desired,  and  com- 
municate the  same  to  the  agent  of  the  Girard  Estate. 

The  carrying  out  of  wishes  of  the  Board  was  committed  to  the 
President  and  Secretary  of  the  Club. 

May  12th,  1885. — Special  meeting,  4  o'clock  p.m. — President 
J.  J.  deKinder  in  the  chair. 

The  Secretary  presented  a  letter  from  Agent  Girard  Estate,  of 
May  9th,  stating  that  their  committee  had  oflFered  the  house  at 
$875  per  annum  without  alterations,  and  at  $1,000  per  annum 
with  desired  alterations.  The  question  was  referred  to  the  Presi- 
dent, with  request  that  he  endeavor  to  make  the  best  terms  pos- 
sible, and  with  full  power  to  act  in  the  matter  and  close  the  nego- 
tiations on  behalf  of  the  Club. 

The  Secretary  requested  the  Board  to  define  their  action  in 
referring,  at  recent  meetings,  the  removal  of  the  Club  effects  and 
the  furnishing  of  the  New  Club  House,  to  the  President  and 
Secretary.  These  officers  were  instructed  to  proceed  in  the 
matter  of  removal,  fitting  up  and  furnishing  of  new  house,  and 
authorized  to  use  their  discretion  therein. 

The  Secretary  suggested  that  some  term  should  be  adopted  by 
the  Board  to  designate  our  new  quarters  in  our  various  published 
headings.  After  some  discussion  it  was  agreed  that  the  headings 
should  hereafter  read : 

"Engineers'  Club  of  Philadelphia, 

House,  No.  1122  Girard  Street, 

Philadelphia,  Pa." 

June  6th,  1885. — Special  meeting. — Mr.  Frederic  Graff  in  the 
chair. 

The  Secretary  reported  that  he  had  arranged  the  back  numbers 
of  Proceedings  in  sets.  It  was  ordered,  that  the  following  prices 
to  members  be  adopted  for  each  set,  and  that  no  set  be  broken  in 
order  to  grant  applications  for  single  numbers ;  the  prices  of  odd 
copies  of  back  numbers,  and  copies  of  current  numbers,  to  be  the 
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same  as  heretofore.  The  reason  for  increasing  the  prices  of  par- 
tially broken  sets  is,  that,  in  each  of  them,  the  percentage  of 
missing  numbers  will  diminish  as  the  future  complete  volumes 
are  added  to  each. 

Prices  to  members,  of  Vols.  I  to  IV  (both  inclusive)  of  Pro- 
ceedings: 

Complete, |15  00 

Wanting:  Vol.  II,  No.  1, 12  00 

Vol.  II,  No.  1,  and  Vol.  IV,  No.  1, 10  00 

Vol.  II,  No.  1,  Vol.  Ill,  No.  4,  and  Vol.  IV,  No.  1,    .        .        .  8  00 

Vol.  II,  No.  1,  Vol.  Ill,  Nob.  3  and  4,  and  Vol.  IV,  No.  1,          .  7  00 

"         Vol.  U,  No.  1,  Vol.  Ill,  No6.  3,  4  and  5,  and  Vol.  IV,  No.  1,      .  6  00 

The  Secretary  presented  a  letter  from  Mr.  S.  S.  Cavin,  Agent 
Girard  Estate,  stating  that  their  committee  had  decided  to  lease 
the  Club  the  house  at  1122  Girard  Street,  either  at  $875  per 
annum  without  alterations,  or  at  $1,000  per  annum  for  five  years 
with  alterations  not  to  cost  over  $1,000.  The  Secretary  was  in- 
structed to  lease  the  building  under  the  latter  conditions. 

July  13th,  1885. — Special  meeting  at  No.  1122  Girard  St.,  at 
4  o'clock  P.M.,  being  the  first  Board  Meeting  since  occupying  the 
new  house;  President  deKinder  in  the  chair. 

The  Secretary  stated  that  a  question  had  arisen  as  to  what  por- 
tions of  the  building  should  be  occupied  by  the  janitor.  The 
meeting  made  an  examination  of  the  upper  part  of  the  house  and 
decided  that  the  janitor's  quarters  shall  consist  of  the  two  garret 
rooms  in  front  building;  and  that  he  be  furnished  with  suffi- 
cient gas  and  coal  for  necessary  purposes  in  addition  to  rooms  and 
wages. 

The  Secretary  reported  that  a  heavy  duty  charge  had  been 
made  against  certain  books  presented  to  the  Club,  and  recom- 
mended decided  action,  in  view  of  the  great  injustice  done  the 
Club  by  this  and  other  charges  which  had  been  made  contrary  to 
the  express  letter  and  spirit  of  the  law.  He  was  instructed  to  pre- 
pare the  papers  for  appeal  to  the  Treasury  Department. 
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CONTRIBUTIONS  TO  THE  LIBRARY 

Feom  May  1st  to  Septembkr  8th,  1886. 


Dxnamometric 


From   the   INSTITUTION    OF   CIVIL   ENGI- 

IfESBS,  London. 
STani — Phjsiognph/. 
Parton«  *  Shellshear— Steam  Tramways. 
Bramwell— Address,  January  ISth,  18S5. 
Marchant— Tekapo  Bridge. 

Hamllton-Smythe— British   and    Metric    Meas- 
ures. 

Smart— Steam  Boilers. 

Webb— Standard  Engine  Shed. 

Walther-Meanier  —  Braaer's 
Bralce. 

Unwin— Friction  of  Disks.  . 

Oaillaln— Cost  of  Dredging. 

Tarner— Ganging  of  Flowing  Water. 

Longridge— Oans  as  Thermodynamic  Machines. 

Craig— Discharge  from  Catchment  Areas^ 

James— RemoTing  Rock  Under  Water. 

Dal rymple-Hay— Trigonometrical  Surreylng. 

Howard— Secondary  Batteries. 

Webb— Steel  Permanent  Way. 

Pole— Water  Supply. 

Pole— Aerial  Navigation.' 

Noble — Heat-Action  of  Explosions. 

Kirk— Refrigerating  Machinery. 

Kinder— Electric  Blasting  in  China. 

Kidd— Blyth  Harbour. 

Deprei  k  Leblanc— Varions  Methods  of  Trac- 
tion. 

Baker  *  Barry— Metropolitan  Railways. 
Williams— Speed  of  Steam  Engines. 
Anderson  *  Ogston— Parlflcation  of  Water. 
Birch— The  Pollution  of  the  RiTer  Thames. 
Bronnger— Cape  QoTernment  Railways. 
Hall6— Public  Work  in  Orange  Free  State. 
Tripp— The  River  Buffalo. 
Abstracts  of  Papers  in  Foreign  Transactions 
and  Periodicals. 

From  the  SOCIETY  OF  ENOINBEBS,  London. 
Transactions.    Bound. 

From  the  NORTH  OP  ENGLAND  INSTITUTE 

OF  MINING  AND  MECHANICAL  ENGL 

NEERS,  Newcastle-upon-Tyne. 

Transactions— Vol.  XXXI V,  Parts  III  and  IV, 

1880. 


From    the     AERONAUTICAL    SOCIETY 

GREAT  BRITAIN,  London. 
Annual  Reports  for  1883-84. 


OF 


From  the  SOCIETY  OF  CIVIL  ENGINEERS, 

Paris. 
M^moirea— February,  March  and  April,  1885. 

From  the  NORWEGIAN  SOCIETY  OF  ENG  I 

NEERS  AND  ARCHITECTS,  KristUnia. 
Norsk  Tekvisk  Tidssk rift— Part  III,  1885. 
Indberetning  fra  Kontorchef  Fenger-Krog  on 
hans  Stipendiereiae.    Sommerea,  1884. 

From  the  SWEDISH  SOCIETY  OF  CIVIL  EN- 
GINEERS, Stockholm. 
Proceedings— Parts  I  and  II,  1885. 

From    the    SAXONIAN    SOCIETY  OF    ENGL 

NEERS  AND  ARCHITECTS,  Leipzig. 
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A  Text-Book  of  the  Mechanics  of  Materials.  By  Mansfield 
Merriman,  Professor  of  Civil  Engineering  at  Lehigh  University. 
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This  book  is  one  of  the  latest  candidates  for  public  favor  as  a 
manual  of  instruction  in  practical  mechanics  for  the  use  of  civil 
engineers.  The  mathematical  deductions  of  the  laws  of  strength 
and  stiffness  of  beams,  supported,  fixed,  and  continuous,  under 
compression,  tension  and  torsion,  and  of  columns,  are  elegant  and 
complete.  As  in  previous  books  by  the  same  author,  plenty  of 
practical,  original,  and  modern  examples  are  introduced  as  prob- 
lems, and  the  capability  of  their  solution  proves  a  correct  under- 
standing of  the  various  articles  in  the  book.  The  proof  reading 
has  not  been  done  as  well  as  it  should  have  been,  but  we  hope 
that  a  new  edition  will  soon  be  called  for,  in  order  that  this  de- 
fect may  be  remedied. 
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ANNUAL  ADDRESS 

OP 

JoBEPH  J.  DB  Kinder,  Retiring  President. 

Bead  Jcmuary  QM,  1886. 

Fellow  Members  : — Although  the  year,  which  has  just  closed^ 
has  been  more  remarkable  for  stagnation  in  nearly  every  branch 
of  business  than  for  the  birth  of  large  engineering  enterprises,, 
still  much  has  been  accomplished,  and  the  consideration  of  many 
important  questions  in  the  field  of  engineering  has  received  suffi- 
cient impetus  to  warrant  the  belief,  that  with  the  return  of  the 
flood-tide  of  business  activity  (of  which,  let  us  hope  the  new  year 
may  be  the  harbinger)  we  may  be  able  to  chronicle  the  actual 
development. 

The  Panama  Canal,  like  its  predecessor,  the  Suez  Canal,  has 
been,  as  usual,  the  object  of  a  great  deal  of  criticism.  On  July 
29th  of  last  year  Baron  de  Lesseps  reported  to  the  Council  of 
Administration  as  follows :  Instead  of  one  hundred  and  fifty-six 
million  cubic  (156,000,000)  yards  to  be  excavated  as  first  antici- 
pated, the  entire  amount  will  probably  fall  below  one  hundred 
and  twenty  million  (120,000,000)  yards — the  mean  price  for  the 
removal  of  a  cubic  yard  of  earth  will  be  about  fifty-four  (54)  cents 
and  of  rock,  one  dollar  and  thirty  cents  ($1.30).  At  these  figures 
vol..  v.— 12. 
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the  total  cost  of  the  canal  would  be  about  one  hundred  and  forty 
million  dollars  ($140,000,000)  upon  the  day  of  its  opening.  To 
this  sum  for  excavation  must  be  added  the  expenses  of  the  ad- 
ministration, and  interest  and  obligations,  to  arrive  at  the  total 
as  announced  by  the  International  Congress.  This  Congress  cal- 
culated the  cost  of  the  canal  completed  at  two  hundred  and  forty 
million  dollars  ($240,000,000) — ^about  ninety-five  million  dollars 
(195,000,000)  had  already  been  expended  or  pledged  for  work  on 
the  canal,  and  over  fifteen  million  (15,000,000)  cubic  yards  of 
material  had  been  removed.  The  work  is  beiijg  done  by  twenty- 
one  different  contracting  firms,  divided  as  follows :  One  English 
contracting  firm,  one  million  six  hundred  thousand  dollars 
($1,600,000);  two  American  contracting  firms,  ten  million  eight 
iundred  thousand  dollars  ($10,800,000) ;  one  contracting  firm  of 
the  United  States  of  Colombia,  four  hundred  and  sixty  thousand 
dollars  ($460,000);  ten  French  contracting  firms,  twelve  million 
six  hundred  and  eighty  thousand  dollars  ($12,680,000) ;  one  con- 
tracting Holland  firm,  eighteen  million  dollars  ($18,000,000); 
three  Italian  contracting  firms,  one  million  one  hundred  thou- 
sand dollars  ($1,100,00);  from  Sweden  one  contracting  firm,  one 
hundred  and  thirty  thousand  dollars  ($130,000);  one  Swiss  con- 
tracting firm,  two  million  five  hundred  and  twenty  thousand 
dollars  ($2,520,000) — total,  forty-seven  million  two  hundred  and 
ninety  thousand  dollars  ($47,290,000). 

We  hear  it  announced  by  some  of  the  critics  that  nearly  one- 
half  of  the  intended  cost  of  the  canal  has  been  expended  and 
that  only  a  beginning  has  been  made  with  the  work — some  add 
that  it  will  take  fourteen  years  to  complete  the  canal  at  the  rate 
of  progress  as  made  in  the  first  half  of  1884.  I  have  been  in  cor- 
respondence with  Mr.  Thiange,  a  Member  of  our  Club,  now  em- 
ployed at  the  deep  cut  of  Culebra,  and  also  with  some  of  the 
contractors,  whom  I  have  known  for  nearly  twenty  years,  and 
men  of  a  world-wide  reputation  for  skill  and  perseverance,  and 
to  the  words  of  whom  I  certainly  have  reason  to  attach  more  im- 
portance than  to  croakers,  and  from  each  and  every  one  I  have 
the  positive  assurance  that  the  canal  will  be  finished  not  later 
than  1889,  and  possibly  by  the  end  of  1888.  The  work  on  the 
canal  is  divided  into  thirteen  sections,  of  which  the  Culebra  sec- 
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tion  is  by  far  the  most» difficult,  since  it  comprises  the  removal 
of  some  twenty-six  million  (26,000,000)  yards  of  material  in  a 
length  of  two  thousand  one  hundred  and  eighty-seven  (2,187) 
yards  or,  say  twelve  thousand  cubic  (12,000)  yards  for  every 
yard  in  length  of  canal,  yet  the  contractors  anticipate  no  insur- 
mountable difficulty  in  completing  this,  the  giant  work  of  the 
canal,  in  the  time  specified,  notwithstanding  that  only  over  one 
million  (1,000,000)  yards  had  been  removed  by  the  first  of  De- 
cember last.  It  should  be  borne  in  mind  that  all  the  material 
to  complete  and  push  this  work  is  very  nearly  all  on  hand,  and 
that  the  enormous  number  of  dredging  machines,  excavators, 
locomotives,  tracks,  cars,  steam-engines,  and  all  the  many  other 
appliances  required,  and  the  quarters  for  the  housing  of  thirty 
thousand  laborers,  necessarily  demands  a  very  large  outlay,  and 
it  is  not  to  be  wondered  at  that  so  large  a  sum  has  already  been 
expended — but  the  great  difficulty  has  been  surmounted — out  of 
chaos  order  has  been  established,  and  the  work  fairly  commenced 
in  the  summer  of  last  year,  is  now  being  pushed  energetically 
over  the  whole  length  of  the  canal. 

The  cuttings  commence  at  Colon;  from  this  place  to  St.  Pablo 
it  does  not  exceed  forty-three  feet  in  depth,  thence  the  ground 
rises  gradually  until  at  Gorgona,  twenty-five  miles  from  Colon, 
the  depth  varies  from  sixty-five  to  one  hundred  and  twenty-four 
feet;  between  the  twenty-fifth  and  the  twenty-seventh  miles, 
depths  are  met  of  from  one  hundred  and  ninety-four  to  two  hun- 
dred and  fifty-two  feet,  and  at  Culebra  it  is  two  hundred  and 
eighty-six  feet.  After  the  thirty-seventh  mile  the  cut  reduces 
again  to  forty-five  feet  and  less.  The  dam  at  the  Chagres  River 
will  be  twenty-six  hundred  feet  long  from  hill  to  hill,  from  Cerro 
Cruz  to  Cerro  Obisco,  and  one  hundred  feet  in  height,  capable  of 
retaining  nearly  nine  hundred  million  (900,000,000)  cubic  feet  of 
water,  which  will  be  available  for  supplying  the  canal.  The 
greatest  rainfall  noted  has  been  thirty-two  inches  in  one  month. 
The  difference  in  water-level  at  Colon,  between  high  and  low 
water  marks,  is  twenty-four  inches;  but  on  the  Pacific  side  of 
Panama  the  average  is  thirteen  feet  three  inches,  and  the  maxi- 
mum nearly  twenty  feet.  The  high  water  at  Colon  is  nine  hours 
later  than  Panama,  consequently  half-tide  at  one  place  corre- 
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spends  with  high  or  low  water  at  the  other,  the  difference  there- 
fore between  the  tide-levels  may  be  equal  to  one-half  the  rise  on 
the  Panama  side. 

The  canal,  as  you  know,  will  be  finished  in  open  cut  from 
Colon  to  Panama,  and  will  be  provided  at  Panama  with  locks 
and  flood-gates  to  allow  of  the  passage  of  ships  at  all  stages  of  the 
tide.    Total  length,  forty-five  miles. 

What  the  financial  results  will  be  to  the  stockholders  of  the 
canal  can  only  be  surmised.  In  1860  nearly  all  the  newspapers 
in  Europe,  and  especially  the  English  papers,  ridiculed  the  pos- 
sibility of  the  Suez  Canal  ever  paying  any  interest.  The  actual 
result  has  belied  the  prophecy,  and  I,  for  one,  sincerely  hope  that 
the  Panama  Canal  will  be  as  successful  in  every  way  as  the  Suez 
Canal  has  proved  to  be. 

The  Manchester  Ship  Canal  is  as  yet  in  prospectus,  although 
this  important  undertaking  has  been  chartered  by  Parliament 
and  indications  point  to  an  early  commencement  of  operations. 
This  canal  will  serve  a  district  covering  nearly  eight  thousand 
(8,000)  square  miles,  with  a  population  of  seven  million  (7,000,000) 
people.  The  largest  vessels  will  be  able  to  reach  Manchester 
direct,  without  breaking  cargo.  It  is  calculated  that  the  prob- 
able cost  of  the  canal  will  be  forty  million  dollars  ($40,000,000). 
It  will  be  thirty-five  miles  in  length,  with  twenty-six  feet  depth 
of  water  and  one  hundred  and  twenty  feet  width  at  the  bottom. 
The  level  of  the  Manchester  docks,  which  are  over  sixty  feet 
above  ordinary  tide-level,  will  be  reached  by  four  sets  of  locks — 
each  set  will  comprise  a  dock,  five  hundred  and  fifty  by  sixty 
(550x60)  feet  for  the  largest  class  of  vessels;  one,  three  hundred 
by  forty  (300x40)  feet  for  ordinary  sized  vessels;  one,  one  hundred 
by  twenty  (100x20)  feet  for  small  coasters  and  barges.  These 
locks  will  be  made  to  work  altogether  by  hydraulic  power  and 
will  allow  vessels  to  pass  in  fifteen  minutes.  There  will  be  large 
docks  at  Manchester,  Salford,  and  Warrington,  with  a  water  area 
of  nearly  ninety  acres  and  containing  over  four  miles  of  quays, 
besides  numerous  quay-spaces  and  wharves  along  the  line  of 
canal.  It  is  calculated  that  within  five  years  from  the  opening 
of  the  canal,  the  traffic  will  amount  to  nearly  nine  million 
(9,000,000),  tons  giving  a  net  income  of  seven  million  five  hun- 
dred thousand  dollars  ($7,500,000). 
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The  Suez  Canal,  which  was  opened  on  November  17th,  1869, 
to  the  commerce  of  the  world,  notwithstanding  all  the  predic- 
tions of  its  impossibility  from  a  financial  point  of  view,  has  be- 
come totally  inadequate  to  the  demands  of  commerce.  It  has 
therefore  been  decided  by  the  International  Commission,  which 
met  at  Paris  on  November  25th,  1884,  and  afterwards  by  the 
General  Board  of  Directors  in  January  of  last  year,  to  accept  the 
proposition  of  the  Executive  Committee  of  the  Canal,  to  increase 
its  efficiency.  The  principal  points  are  as  follows:  The  depth 
of  the  canal  will  be  increased  to  twenty-nine  feet  six  inches 
below  low-water  level,  the  bottom  of  the  canal  to  be  extended  to 
one  hundred  and  twenty-one  feet.  The  present  depth  is  twenty- 
six  feet  two  inches  and  the  width  at  bottom  seventy-two  feet. 
The  length  is  ninety-seven  and  a  half  (97.5)  miles  from  sea  to 
sea,  width  at  surface  one  hundred  and  ninety-seven  feet.  The 
total  amount  of  earth-work  to  be  removed  is  estimated  at  ninety- 
one  million  cubic  yards  and  the  cost  at  forty-two  million  dollars 
($42,000,000). 

In  July,  1870,  the  number  of  vessels  which  passed  through  the 
canal  was  thirty-nine,  with  a  gross  tonnage  of  fifty-six  thousand 
(56,000)  tons,  the  receipts  being  a  little  over  eighty-six  thousand 
dollars  ($86,000).  In  July  of  1885,  one  hundred  and  forty-one 
vessels  passed  through  the  canal  from  the  Mediterranean,  and 
one  hundred  and  sixty-three  from  the  Red  Sea;  the  gross  ton- 
nage was  nearly  nine  hundred  and  forty-seven  thousand  tons 
(947,000)  and  the  total  receipts  over  one  million  dollars.  It  is 
also  mentioned  that  the  chief  element  of  return  freight  in  July 
(meaning  of  course  from  the  Red  Sea)  was  grain,  amounting  to 
sixty-four  thousand  four  hundred  and  fifty  (64,450)  tons. 

The  report  of  the  work  done  on  the  Canal  of  Corinth  shows 
that  satisfactory  progress  has  been  made,  the  excavations  per 
month  having  increased  from  twenty-four  thousand  (24,000)  to 
one  hundred  and  fifty-six  thousand  (156,000)  cubic  yards.  In 
the  first  eighteen  months,  four  hundred  and  fifty-seven  thousand 
(457,000)  cubic  yards  were  removed.  In  the  following  twelve 
montlis,  namely  in  1884,  one  million  and  eighty-five  thousand 
(1,085,000)  cubic  yards,  and,  for  the  first  six  months  of  1885,  nine 
hundred  and  thirty-six  thousand  (936,000)  yards.    The  work  con- 
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nected  with  this  enterprise,  including  the  breakwaters  at  Isthmia 
and  Posidonia,  and  an  iron  bridge  of  two  hundred  and  sixty  feet 
span  across  the  canal,  one  hundred  and  forty-one  feet  above  the 
water  surface  for  the  Pire-Peloponise  Railway,  is  well  under  way. 

The  German  Bundesrath  has  unanimously  approved  a  bill  for 
the  construction,  at  a  cost  of  nearly  thirty-four  million  dollars 
($34,000,000),  of  a  ship  canal  to  serve  military  and  commercial 
purposes,  between  the  Baltic  and  the  North  Sea,  by  way  of  the 
Elbe. 

The  Chesapeake  and  Delaware  Free  Ship  Canal  is  as  yet  but  a 
thing  on  paper. 

I  quote  from  Captain  Tuttle  of  the  United  States  Army  in  his 
report.  At  the  present  moment,  when  Congress  and  the  country 
are  awakening  to  the  need  of  ships  and  forts  for  the  defence  of 
our  coast  cities,  they  have  an  opportunity  in  the  fact,  that  com- 
petent government  engineers,  in  their  official  reports  in  regard  to 
this  canal,  have  recognized  the  vast  importance  of  deep  water 
connection  between  the  Chesapeake  and  Delaware  Bays,  as  a 
means  of  facilitating  the  defence  of  Philadelphia,  Baltimore,  An- 
napolis, and  Washington,  in  case  of  war  with  some  great  naval 
power.  It  may  be  assumed,  that  if  a  war  with  one  of  the  great 
naval  powers  should  arise,  and  the  mere  appropriation  of  money 
could  provide  such  a  channel  of  communication  between  the 
bays,  the  amount  would  be  at  once  provided  without  hesitation. 
If  to  the  national  importance  of  the  work,  as  a  means  of  military 
defence  to  three  of  the  most  considerable  of  the  cities  on  the  At- 
lantic, be  added  that  of  reducing  the  distance  from  Chicago,  St. 
Louis,  Louisville,  and  other  western  points  to  Liverpool  by  two 
hundred  miles,  the  time  of  steamers  by  twenty-four  hours,  and 
the  cost  of  carriage  of  grain  by  one  and  one-half  cents  per  bushel, 
the  claim  of  this  work  upon  the  attention  of  the  national  legis- 
lature is  seen  to  be  indisputable.  The  cost  of  a  ship  canal,  one 
hundred  feet  wide  at  bottom  and  twenty-seven  feet  deep  by  the 
Choptank  route — the  only  route  worth  a  moment's  consideration, 
was  estimated,  allowing  for  all  contingent  expenses,  eighteen  mil- 
lion one  hundred  and  eighty-four  thousand  seven  hundred  and 
sixty-six  dollars  ($18,184,766)^an  inconsiderable  sum  in  view 
of  the  great  benefits,  military  and  commercial,  to  result  to  the 
nation  from  its  completion. 
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The  Hennepin  Canal,  designed  to  connect  the  Mississippi  with 
Lake  Michigan,  the  St.  Lawrence,  and  the  Atlantic,  is  also  in 
statu  quo. 

The  improvements  in  the  Seine  have  resulted  in  a  large  in- 
crease in  the  commerce  between  England  and  Paris  by  water 
direct— one-half  of  the  coal  supply  of  Paris  being  delivered  in 
English  bottoms.  The  northern  coal  proprietors  of  France  com- 
plain bitterly  of  this,  and  a  scheme  has  been  brought  forward  for 
a  canal  to  Paris  from  Dunkirk,  at  a  cost  of  twenty-one  million  of 
dollars  ($21,000,000).  This  scheme  would  give  the  coal  proprie- 
tors of  the  north  of  France  a  preference  over  foreign  merchants. 

It  is  also  proposed  to  connect  the  Gulf  of  Slam  with  the  Indian 
Ocean,  taking  advantage  of  the  present  rivers,  and  following  the 
bed  of  the  River  Tagons  to  the  Gulf  of  Siam.  The  canal  would 
be  sixty-six  miles  long,  and  its  cost  is  estimated  at  twenty  million 
dollars  ($20,000,000). 

In  the  work  of  draining  large  areas,  Russia  leads.  Since  1870 
she  has  been  engaged  in  draining  the  Pinsk  Marshes  on  the 
Russia-Polish  confines.  Four  million  acres  have  been  reclaimed 
by  the  construction  of  thousands  of  miles  of  ditches  and  canals, 
some  of  which  are  navigable  by  boats  of  from  two  hundred  to 
three  hundred  tons  burden.  One  hundred  and  twenty  miles  of 
canals  and  ditches  are  now  in  course  of  construction,  and  an  ad- 
ditional area  of  three  hundred  and  fifty  thousand  acres  will  be 
drained  thereby.  Of  the  four  million  acres  drained,  six  hundred 
thousand  consisted  of  sheer  bog,  which  has  been  converted  into 
meadow  lands.  Nine  hundred  thousand  acres  have  been  con- 
verted into  timber  land,  and  the  balance  has  been  used  for  culti- 
vation; nearly  two  hundred  bridges  were  built,  and  some  twenty- 
thousand  miles  of  unmapped  country  was  surveyed. 

A  joint  survey  has  been  recommended  by  the  Governors 
of  Arkansas  and  Missouri  of  the  sunken  lands  in  south-east 
Missouri  and  north-east  Arkansas.  There  are  four  million 
(4,000,000)  acres  of  land  subject  to  overflow  from  the  White 
Water,  Carter,  and  Black  Rivers,  all  of  which  can  be  made 
valuable  land. 

Of  bridges  commenced  or  continued  during  the  past  year,  the 
great  Baltimore  and  Ohio  Railroad  Bridge  near  Havre  de  Grace 
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stands  out  pre-eminently  as  one  of  the  most  difficult  and  grand- 
est structures  in  this  country.  The  length  of  this  bridge  is  as 
follows:  Between  first  abutment  and  pier  No.  1,  two  hundred  and 
twelve  feet  of  iron  viaduct;  between  pier  No.  1  and  pier  No.  2, 
four  hundred  and  eighty  feet  of  deck  span ;  between  pier  No.  2 
and  pier  No.  3,  four  hundred  and  eighty  feet  of  deck  span ;  be- 
tween pier  No.  3  and  pier  No.  4,  four  hundred  and  eighty  feet  of 
deck  span;  between  pier  No.  4  and  pier  No.  5,  a  five  hundred 
and  twenty  feet  through  span;  between  pier  No.  5  and  pier  No. 
6,  a  four  hundred  and  eighty  feet  deck  span ;  between  pier  No.  6 
and  pier  No.  7,  one  thousand  nine  hundred  and  forty-one  and 
fifteen-hundredths  (1,941.16)  feet  of  iron  viaduct  and  masonry 
pedestals;  between  pier  No.  7  and  pier  No.  8,  three  hundred  and 
eighty  feet  of  deck  span ;  between  pier  No.  8  and  pier  No.  9,  five 
hundred  and  twenty  feet  of  deck  span;  between  pier  No.  9  and 
pier  No.  10,  three  hundred  and  eighty  feet  of  through  span ;  be- 
tween pier  No.  10  and  pier  No.  11,  two  hundred  feet  of  deck  span, 
and  between  pier  No.  11  and  the  east  abutment,  an  iron  viaduct 
of  two  hundred  and  forty-two  feet.  The  total  length  of  the  struct- 
ure is  six  thousand  three  hundred  and  fifteen  and  fifteen-hun- 
dredths (6,315.15)  feet  between  abutments.  Five  of  these  piers 
were  sunk  to  solid  rock,  through  water,  sand,  and  silt,  to  a  depth 
varying  from  nearly  sixty  to  nearly  eighty  feet.  It  is  expected 
to  have  the  bridge  ready  for  traffic  next  April. 

Work  on  the  Tay  Bridge  for  the  Tay  Viaduct,  which  is  being 
constructed  at  the  side  of  the  bridge  which  was  destroyed  in  De- 
cember, 1879,  is  making  good  progress.  The  length  of  this  bridge 
is  ten  thousand  eight  hundred  (10,800)  feet,  the  number  of  spans 
is  eighty-five,  varying  from  fifty  to  two  hundred  and  thirty  feet, 
the  greatest  height  of  rails  above  high  water  being  eighty-three 
feet,  and,  at  the  navigable  channel  in  the  middle  of  the  river,  the 
clear  headway  for  shipping  is  seventy-seven  feet. 

On  the  Forth  Bridge  work  is  also  progressing  favorably.  This 
bridge  was  commenced  in  January,  1883,  has  a  total  length  of 
nearly  a  mile  and  a  half.  There  are  two  spans  of  one  thousand 
seven  hundred  and  ten  feet  each;  two  spans  of  six  hundred  and 
seventy-five  feet  each ;  fifteen  spans  of  one  hundred  and  sixty- 
eight  feet,  and  five  spans  of  twenty-five  feet.    The  clear  headway 
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is  one  hundred  and  fifty  feet  above  high  water,  and  the  tops  of 
the  cantilevers  are  over  two  hundred  feet  higher  still. 

The  superstructure  will  take  over  forty-five  thousand  (45,000) 
tons  of  steel,  and  the  piers  will  take  over  one  hundred  and  twenty 
thousand  (120,000)  cubic  yards  of  masonry.  Each  of  the  seven- 
teen hundred  and  ten  feet  spans  is  made  up  of  two  cantilevers, 
projecting  six  hundred  and  eighty  feet,  and  a  central  girder  con- 
necting the  same,  three  hundred  and  fifty  feet  in  length.  The 
cantilevers  are  three  hundred  and  forty-three  feet  deep  over  the 
piers,  and  forty  feet  deep  at  the  ends. 

The  contracts  for  the  new  St.  Lawrence  Railroad  Bridge  have 
recently  been  awarded.  There  will  be  three  girders,  eighty  feet 
long;  eight  spans  of  two  hundred  and  forty-two  feet  from  centre 
to  centre,  and  two  spans  across  the  steamboat  channel  of  four 
hundred  and  eight  feet  each,  making  a  total  of  three  thousand 
five  hundred  and  seven  feet,  from  the  face  of  the  abutment  at 
Lower  Lachine  to  the  pier  of  the  Caughawaga  Shore — ^the  river 
at  this  point  being  thirty-three  hundred  (3,300)  feet  from  shore 
to  shore.  The  spans  will  be  built  on  the  cantilever  principle, 
with  a  clear  headway  of  sixty  feet  for  vessels  at  the  summer  stage 
of  water-level.    The  bridge  will  be  built  almost  entirely  of  steel. 

The  bridge  across  the  Ohio  River  at  Henderson,  Kentucky, 
was  opened  for  traffic  in  August  last.  This  structure  is  thirty- 
two  hundred  feet  long,  including  sixteen  piers;  spans  of  two 
hundred  and  fifty  feet  each,  except  the  main  channel  span,  which 
is  five  hundred  and  twenty-five  (526)  feet  long,  one  hundred 
and  three  feet  six  inches  above  low  water,  and  fifty-seven  fee* 
above  high  water.  The  approaches  to  this  bridge  are  by  trestles 
and  embankments,  the  trestle  work  on  the  Indiana  side  being 
three  miles  in  length. 

The  great  Saint  John  Steel  Cantilever  Bridge  was  opened  for 
general  traffic  on  the  first  day  of  October.  The  main  river  bridge 
consists  of  a  central  span  of  four  hundred  and  seventy-seven  feet, 
supported  on  granite  piers  which  are  nine  by  twenty-seven  and 
one-half  (9x27.5)  feet  on  top,  the  east  pier  being  ninety-six  feet 
high  and  the  west  pier  about  fifty  feet  high.  The  cantilever 
arms  are  one  hundred  and  forty-three  and  a  half  (143.5)  feet  on 
each  side  of  the  pier  at  the  east  side,  and  one  hundred  and  ninety- 
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one  (191)  feet  at  the  west  side,  the  end  of  the  east  arm  being  sup* 
ported  on  masonry  abutments  and  on  an  excavation  made  in  the 
solid  rock,  and  the  west  arm  being  supported  by  a  granite  pier, 
eight  by  thirty-four  (8x34)  feet  at  the  top  and  about  forty  feet  in 
height. 

The  work  on  the  new  Croton  Aqueduct  has  been  pushed  with 
unceasing  activity.  According  to  the  latest  reports,  the  total  pro- 
gress made  up  to  November  last  is  twenty-five  thousand  one 
hundred  and  eight  (25,108)  feet  in  the  tunnel  proper,  exclusive 
of  over  three  thousand  (3,000)  feet  of  lineal  shaft-sinking.  As 
the  total  length  of  the  tunnel  from  the  Croton  Lake  to  the  Har- 
lem River  is  one  hundred  and  forty-eight  thousand  six  hundred 
and  ninety-two  (148,692)  feet,  the  percentage  of  driven  tunnel  ia 
seventeen.  It  is  to  be  regretted,  that  this  noble  work  should 
have  already  cost  so  many  lives.  The  aqueduct,  as  now  being 
built,  will  have  a  maximum  flowing  capacity  of  three  hundred 
and  twenty  million  (320,000,000)  gallons  per  day  from  Croton, 
New  York,  to  New  York  City  boundary  line,  where  it  is  designed 
to  construct  the  distributing  reservoir  to  supply  the  annexed  dis- 
trict. A  part  of  the  supply  being  thus  diverted,  the  remaining 
portion  of  the  aqueduct  has  a  flowing  capacity  of  two  hundred 
and  fifty  millions  (250,000,000)  gallons  per  day.  It  is  estimated 
that  the  Croton  water-shed  can  be  relied  upon  to  furnish  two 
hundred  and  fifty  million  (250,000,000)  gallons  daily,  even  in 
years  of  extreme  drought. 

The  Quaker  Bridge  Dam  will  increase  the  area  of  water-shed 
to  three  hundred  and  sixty-one  square  miles,  and  the  reservoir 
thus  formed  will  have  a  capacity  of  over  thirty- two  billion 
(32,000,000,000)  gallons.  The  dam  will  be  built  of  solid  ma- 
sonry, one  hundred  and  seventy-eight  feet  high  above  the  river 
bed.  The  foundation  will  extend  to  bed  rock  one  hundred  feet. 
The  total  height,  for  a  distance  of  over  four  hundred  feet  in  the 
deepest  part  of  the  valley,  will  be  about  three  hundred  feet,  the 
width  of  the  dam  at  the  base  will  be  two  hundred  feet,  and  the 
extreme  length  one  thousand  three  hundred  (1,300)  feet. 

The  aqueduct  for  supplying  Washington  with  water  is  also 
being  pushed  vigorously  forward.  The  tunnel  has  a  length  of 
twenty  thousand  seven  hundred  and  fifteen  (20,715)  feet,  and  its 
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cross-section  is  eleven  feet  wide  by  seven  and  a  half  feet  high. 
The  entire  work  is  in  hard  solid  rock,  with  the  exception  of  a 
short  section  at  the  inlet  shaft. 

The  Mersey  Tunnel  was  opened  in  the  early  part  of  last  year. 
Work  was  commenced  in  1880,  and  once  commenced,  it  was 
pushed  with  the  greatest  energy.  It  has  been  built  thirty  feet 
below  the  bed  of  the  Mersey.  The  material  is  sandstone  rock, 
which  forms  an  admirable  material  to  work  upon,  able  to  sup- 
port itself  and  to  endure  the  work  of  blasting.  The  tunnel  only 
required  lining  with  brick  for  the  purpose  of  stopping  out  the 
percolation  of  water.  For  the  like  reasons  the  character  of  the 
stone  has  enabled  portions  of  the  tunnel  to  be  built  under  the 
streets  of  Liverpool  and  Birkenhead,  without  the  purchase  of 
buildings  and  land.  The  form  of  the  tunnel  is  that  of  a  tapered 
oval.  It  is  twenty-six  feet  in  width  and  twenty-one  feet  in 
height,  the  invert  being  nearly  equal  in  form  to  the  arched  por- 
tion overhead.  There  is  a  drainage  heading  below  the  tunnel, 
which  runs  continuously  with  the  tunnel  itself — seven  feet  in 
diameter.  Into  this,  at  intervals,  the  water  entering  the  tunnel 
is  pumped  and  the  tunnel  is  in  this  way  kept  dry.  There  is  a 
large  railroad  station  on  the  Liverpool  side,  four  hundred  feet 
long  by  fifty  feet  wide,  and  thirty-eight  feet  in  height,  provided 
with  platforms  and  provisions  for  shafts,  capable  of  elevating  two 
hundred  and  forty  passengers  to  the  level  of  the  street  in  forty 
seconds.  The  fans  for  ventilating  the  tunnel  are  two  in  number, 
one  forty  feet,  and  the  other  thirty  feet  in  diameter.  A  ventila- 
tion heading  is  cut  alongside  of  the  tunnel  in  the  rock,  one  thou- 
sand yards  long  and  seven  feet  in  diameter.  A.  station  similar 
to  the  one  in  Liverpool  is  being  completed  on  the  Birkenhead 
side.  It  is  intended  to  continue  both  ends  of  the  railway  tunnel 
ultimately  to  the  surface  and  connect  with  the  main  lines  con- 
verging at  Liverpool  from  all  directions. 

The  project  of  tunnelling  the  British  Channel  has  again  been 
revived,  and,  from  the  interest  taken  in  this  project,  both  in  Eng- 
land and  France,  the  outlook  bids  fair  to  see  this  scheme  take 
definite  shape  in  the  near  future. 

Another  great  work  now  under  consideration  is  the  Prince 
Edward's  Island  Tunnel,  which  is  intended  to  connect  Prince 
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Edward's  Island  with  the  mainland  and  thus  keep  communica- 
tion established,  which  at  present,  in  winter  time,  due  to  the  im- 
mense quantities  of  floating  ice  passing  through  Northumberland 
Strait,  makes  the  transfer  by  ice  boats  a  dangerous  one.  The 
tunnel  proposed  would  be  located  between  Capes  Traverse  and 
Torquentine,  a  distance  of  eight  and  a  half  miles.  A  survey 
shows  the  depth  of  water  on  the  line  to  vary  from  six  to  seventy- 
two  feet,  with  an  almost  level  sea  bottom.  The  bottom  is  sand 
for  twelve  feet  in  depth  and  then  for  a  depth  of  sixty  feet  a  tough 
clay.  It  is  estimated  that  this  tunnel  will  cost  about  two  mil- 
lions of  dollars. 

As  a  remedy  against  the  bridge  nuisance  in  Chicago,  an  im- 
mense tunnel  under  the  Chicago  River  is  proposed :  the  cost  is 
estimated  at  twelve  hundred  thousand  dollars  ($1,200,000). 

The  Tehuantepec  Ship  Railway  still  has  many  advocates.  It 
would  be  impossible,  in  a  short  resume  like  this,  to  describe  at 
length  the  engineering  aspect  of  this  ponderous  work;  besides  it 
has  been  already  so  fully  described  in  almost  every  scientific 
journal,  that  I  doubt  not  every  member  is  fairly  well  acquainted 
with  it. 

The  fact  that  an  English  Company  is  about  to  build  the  Chig- 
necto  Ship  Railway  across  the  width  of  Nova  Scotia  Peninsula, 
between  the  Gulf  of  Saint  Lawrence  and  the  Bay  of  Fundy,  on 
plans  similar  to  those  of  Captain  Eads,  is  conclusive  proof  that 
this  scheme,  although  it  may  be  looked  upon  by  some  with  sus- 
picion as  to  its  practical  work,  is  considered  by  prominent  engi- 
neers as  perfectly  feasible. 

Railroad  building  has  received  an  impetus  both  in  China  and 
Japan.  Work  is  to  be  commenced  in  the  latter  country  on  five 
different  lines,  one  of  four  hundred  and  fifty  miles  in  length,  one 
of  two  hundred  miles,  one  of  one  hundred  and  fifty,  and  two  of 
seven  miles  each.  In  China  a  road  one  hundred  miles  in  length 
is  under  consideration  for  an  early  commencement,  from  Tak 
Ho,  at  the  mouth  of  the  Yellow  Sea,  to  the  Pyho,  a  point  about 
twenty-five  miles  east  of  Pekin.  It  is  generally  reported  that  all 
this  work  is  to  be  done  with  European  capital,  and  will  be  built 
and  equipped  with  European  material,  which,  to  say  the  least, 
is  to  be  regretted,  in  view  of  the  facilities  this  country  possesses 
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for  turning  out  railroad  materials  and  for  building  railroads,  I 
think,  superior  to  any  country  in  the  world. 

Russia  is  also  building  a  strategetic  railroad  to  the  Austrian 
frontier.  In  connection  with  this  the.  Brooklyn  Eagle  remarks 
as  follows:  "You  know  what  a  strategetic  railway  is,  do  you? 
Buys  its  right  of  way  from  the  farmers  for  an  annual  pass,  then 
gets  all  the  land  condemned  and  takes  up  the  passes,  then  gets 
a  state  grant  of  two  or  three  counties  for  the  directors,  buys  its 
iron  on  long  time, — pays  for  its  grading  with  construction  bonds, 
issues  equipment  bonds  to  pay  for  rolling  stock,  borrows  all  the 
money  in  the  country  on  the  mortgages,  calls  in  everything  out- 
standing and  changes  it  for  a  deficit,  changes  its  name  from  the 
North  and  South  Air  Line  to  the  East  and  West  Shore  Linei 
divides  the  swag  among  the  directors  and  runs  the  road  with  a 
deficit.  It  may  be  new  in  Russia,  but  it  is  an  old  thing  with  us 
— the  country  is  just  full  of  strategetic  railways." 

I  do  not  know  whether  there  is  any  truth  in  this,  and  only 
add,  that  I  trust  that  this  is  an  overdrawn  picture. 

The  great  colossal  passenger  station  of  the  London  and  South- 
western Railway  was  declared  complete  in  September  last 
Twenty-five  acres  of  land  are  roofed  in,  and  the  building  cover- 
ing this  area  contains  fifteen  platforms  and  nineteen  distinct 
lines  of  rails,  aggregating  a  length  of  four  miles.  Its  signal  box 
contains  one  hundred  and  eighty  levers.  Eight  hundred  houses 
have  been  demolished  during  the  building,  and  a  population  of 
three  thousand  people  displaced.  The  entire  cost  has  been  one 
million  seven  hundred  and  fifty  thousand  ($1,750,000)  dollars. 
It  is  said  that  there  is  no  minute  through  the  day  during  which 
some  train  does  not  arrive  or  depart  at  this  station. 

The  Meiggs  Railway,  an  experimental  road  of  the  single  rail 
type,  is  being  constructed  from  Boston  to  Cambridge.  It  will  be 
an  elevated  structure  on  pillars.  The  projectors  of  this  system 
claim  many  advantages  over  the  ordinary  elevated  railroad 
system.  The  plant  is  not  suflBciently  advanced  as  yet  to  test  its 
merits,  but,  from  appearances,  it  bids  fair  to  be  a  success. 

Ship  building  has  been  remarkably  dull  during  the  past  year, 
but,  while  in  our  own  country  the  question  of  building  up  our 
much  needed  navy  is  still  largely  an  undecided  question,  the 
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European  powers  have  been  steadily  improving  their  navies  in 
every  direction.  Whole  fleets  of  fast  torpedo  boats  have  been 
built,  especially  in  England  and  France,  and  not  only  for  them- 
selves but  also  for  other  nations.  Besides,  some  remarkably 
large  vessels  have  been  launched — especially  in  England — while 
several  are  in  course  of  construction.  Probably  the  most  formid- 
able man-of-war  yet  built  is  the  English  armored  ram  Ben  Bow, 
which  was  launched  at  the  Thames  Iron  Work  and  Ship  Build- 
ing Company  on  June  15th.  In  her  construction  over  ten  thou- 
sand (10,000)  tons  of  metal  have  been  used.  She  is  built  entirely 
of  steel.  Her  armor  plates,  which  are  sixteen  inches  thick,  are 
faced  with  six  inches  of  chilled  steel,  and  some  of  them  weigh 
ten  tons.  The  Ben  Bow  is  three  hundred  and  thirty  feet  long, 
and  sixty-eight  feet  six  inches  beam,  and  thirty-seven  feet  deep, 
and  has  a  displacement  of  ten  thousand  (10,000)  tons.  Her  en- 
gines are  nine  thousand  five  hundred  (9,500)  horse-power,  which 
will  give  her  an  estimated  speed  of  seventeen  and  a  half  knots 
per  hour.  She  will  have  two  one  hundred  and  ten  ton  guns  of 
^teel,  which  will  fire  a  shot  weighing  two  thousand  pounds  and 
sixteen  and  a  quarter  inches  in  diameter,  while  the  charge  will 
•consist  of  nine  hundred  pounds  of  powder.  She  will  have  ten 
six  inch  rifled  breech  loading  guns,  ten  six  pound  quick  firing 
guns,  ten  four-barrel  one  inch  machine  guns,  and  four  five-barrel 
.45  inch  machine  guns.  She  is  also  fitted  for  torpedoes,  having 
five  apertures  for  their  discharge. 

The  Chicago,  the  last  of  the  four  cruisers  built  by  John  Roach, 
at  Chester,  Pennsylvania,  has  been  launched  and  is  being  made 
ready  for  sea.  It  is  said  that  these  four  vessels  will  rank  as  first- 
-lass naval  vessels. 

In  England  two  armor  clads  are  building  of  ten  thousand  four 
hundred  and  seventy  (10,470)  tons  displacement,  each  with  eight 
thousand  five  hundred  (8,500)  horse-power,  to  give  a  speed  of 
fifteen  and  a  half  knots.  The  armament  will  consist  of  two  one 
hundred  and  ten  guns  in  the  turret,  ten  six-inch  breech  loaders 
on  upper  deck,  twelve  quick  firing  guns,  and  twelve  one-inch 
Nordenfeld's  on  the  spar  deck.  The  armor  plating  is  to  be 
eighteen  inches  on  sides,  sixteen  inches  on  bulk-heads,  eighteen 
inches  on  redoubt  and  turret  and  three  inches  on  decks,  with  a 
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backing  of  six  inch  teak.  Tlxey  will  be  three  hundred  and  forty 
feet  long  between  perpendiculars,  and  the  weight  of  hull  will  be 
«ix  thousand  eight  hundred  and  fifty  (6,850)  tons.  Four  new 
belted  cruisers  are  also  building,  each  with  a  displacement  of 
five  thousand  (5,000)  tons.  The  hulls  are  steel  throughout. 
They  will  be  three  hundred  feet  long  by  sixty  feet  wide.  The 
engines  will  be  seven  thousand  five  hundred  (7,500)  horse-power, 
with  forced  draught  and  closed  stoke  hole.  They  will  be  armed 
with  two  eighteen  ton  guns,  twelve  four  ton  guns,  six  machine 
guns,  and  a  torpedo  equipment  with  above  and  below  water 
discharge. 

It  is  also  stated  that  Spain  has  asked  England  for  tenders  for 
war  ships  to  cost  over  fifty  million  dollars  ($50,000,000),  includ- 
ing four  ships  of  ten  thousand  tons  each,  each  to  have  two  one 
hundred  and  ten  ton  guns,  besides  several  ships  of  the  Esmeralda 
type  and  forty  torpedo  cruisers. 

The  great  dry  dock  built  at  Saint  Johns,  Newfoundland,  by 
John  E.  Simpson  &  Co.,  and  completed  in  December,  1884,  has 
proved  up  to  date  to  be  all  that  was  expected,  and  a  monument 
to  American  skill  and  ingenuity.  This  dock  is  six  hundred  and 
ten  feet  and  ten  inches  (610'  10")  long  on  coping  from  head  to 
outer  gate  sill,  five  hundred  and  sixty -nine  feet  and  six  inches 
(569'  6")  long  on  fioor  from  head  to  outer  gate  sill.  One  hun- 
dred and  thirty-two  feet  and  six  inches  (132'  6")  of  body  on 
coping,  forty-nine  feet  and  ten  inches  (49'  10")  width  of  body  on 
floor,  eighty-four  feet  and  nine  inches  (84'  9")  least  width  of  en- 
trance on  coping  and  fifty-two  feet  and  nine  inches  (52'  9")  least 
width  of  entrance  on  floor.  The  greatest  beam  of  floating  gate 
or  caisson  is  twenty  feet  and  six  inches  (20'  6"),  making  a  total 
available  length  of  dock  on  access,  inside  of  gate  at  outer  abut- 
ment on  coping,  six  hundred  and  one  feet  and  six  inches  (601'  6") 
and,  on  the  floor,  on  top  of  two  feet  of  keel  blocking,  five  hundred 
and  sixty-three  feet  (563').  The  greatest  depth  of  water  over  the 
inner  gate  sill  is  twenty-five  feet.  The  dock  is  similar  in  shape 
and  construction  to  the  wooden  graving  docks  in  Brooklyn, 
Philadelphia  and  Baltimore. 

In  gunnery  the  same  gigantic  strides  have  been  made  towards 
increasing  the  range  and  initial  velocity,  as  marks  the  progress 
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of  the  building  of  ironclads.  The  immense  gun  constructed  at 
EUswick  for  the  British  government  has  a  trial  weight  of  two 
hundred  tons.  Its  length  is  forty-four  feet;  the  extreme  diameter 
at  the  breech  five  feet  and  six  inches,  the  chase  or  barrel  taper- 
ing down  to  twenty-eight  inches  at  the  muzzle. 

The  most  formidable  weapon  heralded  from  Europe  (according 
to  the  French  journals)  is  the  gun  invented  by  Colonel  de  Bange, 
of  France.  The  length  of  this  gun  is  thirty-six  feet  and  twenty- 
seven  hundredths  (36.27),  and  that  of  the  chamber  for  the  powder 
nine  feet  and  one  tenth  (9.1).  The  rifling  is  in  the  same  sections 
and  directions  as  in  the  standard  French  guns,  and  the  charge  is 
three  hundred  and  ninety-six  (396)  pounds  of  coarse  grained 
powder.  The  projectiles  are  two  in  number,  the  one  weighing 
nine  hundred  and  ninety  (990)  and  the  other  thirteen  hundred 
and  twenty  (1320)  pounds.  The  shot  are  three  and  ninety-three 
one-hundredths  (3.93)  of  a  foot  in  length,  or  three  and  one-half 
calibres.  The  gun  carriage  is  so  arranged  that  it  commands  a 
vertical  range  of  from  fifteen  degrees  below  the  horizon  to  thirty- 
three  degrees  above.  It  is  said  that  the  range  is  over  twelve 
miles,  and  the  initial  velocity  of  the  shot  twenty-one  hundred 
(2100)  feet.  The  French  claim  for  the  field  guns  built  on  the 
Bange  system  a  superiority  over  the  German  field  guns,  and  the 
manufacturers  are  receiving  large  orders  from  different  European 
nations  for  batteries  of  the  same. 

The  Congressional  Committee,  appointed  to  investigate  and  re- 
port upon  the  policy  to  be  adopted  by  our  Government  to  secure 
a  supply  of  ordnance  and  armor  plate,  met  in  New  York,  in  No- 
vember last  Many  of  the  most  prominent  steel  manufacturers 
were  present  at  the  meetings.  From  some  of  the  facts  developed 
at  these  meetings,  namely,  that  the  Cambria  Works  had  three 
open  hearth  furnaces  capable  of  casting  an  ingot  large  enough 
to  make  a  one  hundred  ton  gun,  and  also  that  there  were  rolling 
mills  in  this  country  capable  of  rolling  armor  plate  of  from  nine 
to  twelve  inches  in  thickness,  it  is  to  be  hoped  that  our  goven> 
ment  may,  at  an  early  date,  awake  from  its  torpor  and  move  in 
the  direction  of  building  armored  ships  and  guns  worthy  of  this 
great  nation. 

The  Midvale  Company,  of  Philadelphia,  furnishes  the  steel 
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forgings  for  the  guns  now  under  construction  for  the  new  cruisers, 
but  although  this  fact  gives  some  ground  for  encouragement,  it 
still  leaves  a  great  deal  to  be  desired. 

Steel  is  now  almost  entirely  superseding  iron  in  the  construc- 
tion of  ships;  wires  or  bars  are  now  produced  directly  from  fluid 
steel  by  pressing  it  through  dies,  in  a  manner  similar  to  the  pro- 
duction of  lead  pipes  from  lead. 

Professor  Thomas  Egleston,  before  the  Convention  of  the 
American  Society  of  Mechanical  Engineers  of  New  York,  held  in 
Boston,  in  November,  read  a  very  interesting  paper  on  the  Basic 
Bessemer  Process.  I  need  but  quote  his  first  few  opening  lines 
to  convince  you  of  the  importance  of  this  subject.  Professor 
Egleston  says: 

"  In  the  year  1878,  a  paper  on  dephosphorizing  iron  was 
"presented  to  the  Iron  and  Steel  Institute  of  England,  which 
"was  considered  to  be  of  so  little  importance  that  it  was 
"  withdrawn  by  the  authorities  of  the  Institute  before  it  was 
"read  to  that  body.  This  paper  was  ^written  by  Messrs. 
"Thomas  and  Gilchrist,  and  was  published  as  a  part  of  the 
"  Proceedings  of  the  Institute  by  mistake  in  "  Engineering." 
"  Notwithstanding  this  reception  of  it,  it  was  not  long  before 
"  it  began  to  attract  the  attention  of  the  iron  and  steel  manu- 
"facturers.  This  is  the  history  of  the  introduction  of  what 
"proved  to  be  the  most  important  improvement  in  the 
"treatment  of  iron  ores  and  pigs,  which  had  before  that 
"  time  been  considered  too  impure  for  use.  The  amount  of 
"  output  of  steel  made  from  material  previously  considered 
"  unfit  for  use,  in  1882,  the  fourth  year  after  the  introduction 
"of  this  improvement,  was  four  hundred  thousand  tons,  and 
"during  the  year  1885  will  probably  amount  to  over  a  mil- 
lion tons." 

The  great  mine  under  Flood  Rock  in  New  York  Harbor,  was 
fired  on  October  10th,  and  the  work  of  nearly  eleven  years  of 
rock  excavation,  and  the  roof  left  over  miles  of  subterranean 
galleries,  was  shattered.  The  total  mass  of  explosive  used  was 
two  hundred  and  forty  thousand  (240,000)  pounds  of  rackarock 
and  forty  thousand  (40,000)  pounds  of  No.  1  dynamite.  The 
rackarock  is  a  compound  of  chlorate  of  potash  and  dinitroben- 
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zole.  Tests  made  by  General  Abbott  with  it,  showed  its  strength 
to  be  nearly  fifteen  per  cent,  higher  than  No.  1  dynamite,  taking 
this  as  one  hundred. 

About  thirty  thousand  tons  of  broken  rock  require  removal. 
The  contractors  have  commenced  work  at  this,  at  prices  ranging 
from  three  dollars  and  nineteen  cents  to  three  dollars  and  ninety 
cents  per  ton,  which  is  equal  to  frx)m  six  dollars  and  thirty-eight 
cents  to  seven  dollars  and  eighty  cents  per  cubic  yard, — a  ton  of 
this  rock  weighing  about  two  cubic  yards.  At  this  price  it  is 
difficult  to  see  where  the  economy  of  the  system  adopted  at  Flood 
Rock  comes  in,  especially  when  the  total  cost  per  cubic  yard  is 
compared  with  the  cost  for  the  same  character  of  work  on  the 
Clyde,  where  Colonel  Beaumont's  subaqueous  drill  is  being  used 
exclusively,  making  all  allowances  for  difference  in  cost  of  ma- 
terial and  labor. 

The  use  of  natural  gas  in  and  around  Pittsburgh  has  very 
largely  diminished  the  cost  of  production  of  iron,  as  well  as  of 
other  materials,  and  bids  fair  to  prove  a  conundrum  to  the  man- 
ufacturing communities  who  have  not  the  advantage  of  this 
boon.  The  question  of  manufacturing  hydrogen  gas  for  heating 
and  lighting  purposes  is  attracting  daily  more  and  more  atten- 
tion. Its  utility  and  practicability  were  conclusively  shown  at 
the  Franklin  Institute  Exhibition,  which  was  held  in  this  city 
last  year.  It  is  said  that  fiiel  gas  can  be  used  in  iron  works,  roll- 
ing mills  and  glass  factories .  at  a  saving  of  one-quarter  of  the 
former  outlay  for  fuel.  If  this  is  so,  manufacturers  need  not  fear 
the  competition  of  natural  gas.  In  the  manufacture  of  gas  for 
city  lighting,  great  improvements  are  made.  Large  gas  works 
are  in  course  of  construction  in  Baltimore,  on  the  same  system 
as  the  Equitable  of  New  York.  The  process  used  is  what  is 
called  the  Germanoski  system, — steam,  naphtha  and  lime  being 
the  agents  from  which  this  gas  is  manufactured.  The  company 
expects  to  furnish  gas  of  thirty  candle  power  at  less  than  one 
dollar  and  fifty  cents  per  thousand  cubic  feet. 

At  Desseronto,  Canada,  gas  is  used  made  from  saw  dust.  This, 
of  course,  is  not  a  new  process,  since  it  has  been  used — ^and  espe- 
cially in  Norway  and  Sweden — many  years  ago.  By  a  new 
arrangement  of  the   mechanism,  however,   it  has  been  made 
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possible  to  produce  a  first-class  luminant.  The  residuum,  con- 
sisting of  charcoal,  tar,  pyroligneous  acid  and  alcohol,  command 
ready  sales  at  remunerative  prices.  The  cost  of  this  gas  is  less 
than  two  cents  per  thousand  cubic  feet  in  the  holder.  Of  course 
it  can  only  be  applied  in  places  where  sawdust  is  plentiful,  and 
its  first  cost  is  really  nothing,  since  the  use  of  it  actually  removes 
a  nuisance. 

The  electric  light  is  fast  superseding  gas  for  illuminating  pur- 
poses, and  especially  for  lighting  squares  and  streets,  in  cities, 
and  wharves  and  docks.  The  application  of  it  for  the  handling 
of  freight,  from  and  on  to  shipboard,  is  a  vast  improvement  on 
the  original  system  of  using  gas.  Electricity  has  also  been  ap- 
plied with  more  or  less  success  for  moving  passenger  cars  on 
elevated  railroads  and  on  street  passenger  lines.  The  Daft 
electric  motor,  now  in  operation  in  Baltimore,  although  laboring 
under  many  disadvantages  but  few  months  ago,  is  now  con- 
sidered a  success. 

The  question  of  supplying  large  and  densely  populated  cities 
with  an  abundance  of  wholesome  water  for  dietetic  purposes,  is 
one  which  is  of  all  absorbing  interest.  New  York  is  spending 
millions,  and  Brooklyn  is  preparing  to  spend  vast  sums  on  the 
extension  of  her  water  works  system.  Boston  and  Baltimore 
have  spent  many  millions  in  this  direction,  and  with  apparently 
satisfactory  results.  In  our  own  city  it  has  become  a  matter  of 
the  greatest  importance.  The  condition  of  our  streets,  sewers 
and  bridges  has  been  dwelt  upon  so  often  in  our  Club,  that  it  is 
useless  to  attempt  to  point  out  any  needs  in  these  directions. 
We  all  know  what  is  wanted.  That  our  streets  and  sewers  and 
water  distribution  can  and  should  be  improved,  we  all  unani- 
mously admit.  The  capital  required  to  make  Philadelphia  what 
she  should  be,  will  undoubtedly  demand  serious  efforts  on  the 
part  of  our  citizens  for  some  years  to  come,  but  meanwhile,  since 
in  accordance  with  the  old  adage — "  we  must  row  with  the  oars  we 
have  on  hand" — are  we  doing  our  level  best?  If  our  streets  are 
not  as  clean  as  they  should  be,  although  cleaner  than  those  of 
most  other  large  cities  of  the  Union,  can  they  not  be  made  and 
kept  cleaner?  This  is  a  question  with  which  engineering  proba- 
bly has  little  to  do,  and  yet,  when  we  notice  how  street  paving  is 
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done,  without  regard  to  rise  or  slope  or  soundness  of  foundation, 
it  strikes  me  that  the  intelligence  and  the  watchfulness  of  the 
engineer  might  be  usefully  employed.  The  conditions  of  the 
mains  for  distributing  the  water  supply  is  also  one  well  known 
to  be  seriously  defective,  although  much  has  been  done  within 
the  last  few  years  to  improve  its  condition.  We  read,  however, 
from  time  to  time,  about  old  mains  that  have  been  for  years  in 
the  ground,  and  which  are  so  filled  with  rust  and  sediment  as  to 
have  become  completely  useless.  I  am  not  referring  to  Philadel- 
phia especially,  because  this  is  heralded  from  almost  every  city 
where  mains  have  been  in  use  for  many  years.  I  know  of  noth- 
ing that  is  being  generally  done  at  present,  to  prevent  mains  laid 
in  recent  years  from  falling  into  the  same  state.  I  cannot  help 
thinking,  but  that  the  cry  of  waste  and  prevention  of  waste  is  in 
many  instances  economy  on  the  wrong  side.  The  word  waste  is 
a  very  elastic  one.  The  interpretation  of  it  depends  largely  on 
the  habits  of  the  people.  What  is  condemned  as  waste  in  one 
place  is  extolled  as  a  necessity  in  the  other.  The  cost  of  pump- 
ing water  is  withal  a  small  one;  the  cost  of  relaying  pipes  or 
mains  comparatively  a  large  one,  and  a  nuisance  if  required  to 
be  done  in  busy  streets,  and  I  think  that  forcing  water  under 
great  pressure  through  the  mains  and  into  the  sewers,  and  the 
regular  opening  of  fire  plugs  would  tend  largely  towards  remov- 
ing the  sediment  and  keeping  the  mains  clear  many  years  longer 
than  is  generally  the  case.  There  should  be  positively  no  dead 
ends  to  mains,  and  the  work  of  opening  fire  plugs  should  un- 
doubtedly be  attended  to  by  the  parties  in  charge  of  the  water 
supply  and  not  left  in  the  hands  of  others,  who  can  have  but 
little  interest  in  this  work.  Again,  this  work  can  and  should  be 
done  in  the  night  time,  and  especially  in  cold  or  wet  seasons, 
when  the  demand  for  water  is  at  its  minimum.  The  laying  of 
mains  or  pipes,  whether  for  gas,  water  or  for  any  other  purposes, 
including  the  digging  of  trenches,  should  be  done  at  night,  al- 
though making  joints  should  probably  be  done  by  daylight. 
The  use  of  the  electric  light  has  made  this  perfectly  feasible,  and 
no  one  would  deny  that  this  would  be  a  vast  benefit  to  the  daily 
traffic  in  the  streets.  Of  course  this  speaks  of  night  work,  and 
night  work  is,  alas,  something  to  which  city  departments,  as  a 
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rule,  are  strangers.  Watch  the  operations  in  private  life,  say  of 
the  railroad  or  a  steamship  company.  The  ship  comes  into  port 
behind  time;  her  sailing  date  is  fixed.  Does  a  private  concern 
ask  how  many  hours  constitute  a  days  work — or  is  the  loss  of 
time  and  opportunity  made  up  by  incessant  work  day  and  night? 
Is  this  not  the  principal  reason  why  private  concerns  keep  their 
work  right  up  to  the  mark  all  the  time?  I  think  if  this  spirit 
were  imbued  into  city  departments  in  general,  if  there  would  be 
more  earnestness  and  love  of  work,  more  of  a  desire  to  reach  a 
state  of  perfection,  if  for  self-satisfaction  only,  there  would  be 
more  generally  a  marked  change  for  the  better  all  around. 

The  question  of  municipal  engineering  is  one  which  should  be 
intimately  associated  with  the  interests  of  our  Club,  and  I  offer 
the  suggestion  whether  it  would  not  be  both  profitable  to  our- 
selves and  to  the  interests  of  the  city,  if  the  Club  would  make  the 
engineering  aspects  of  Philadelphia  and  its  necessary  improve- 
ments the  most  important  subject  for  discussion  during  this  and 
the  years  to  come.  I  think  that  if  but  a  half  hour  were  devoted 
at  each  meeting  to  this  subject,  (and  the  various  plans  showing 
what  we  have  in  mains,  sewers,  highways  and  bridges  no  doubt 
could  be  readily  obtained  to  be  the  property  of  the  Club),  I  have 
no  doubt  but  that  with  so  many  minds  all  eager  to  advance  the 
City's  interests,  much  could  be  suggested  which,  if  unanimously 
endorsed  by  the  Resident  Members  of  the  Club,  would  be  of  vast 
interest  to  the  welfare  of  the  City,  while  at  the  same  time  useful  to 
the  members. 

Before  surrendering  the  chair  to  my  worthy  successor,  I  desire 
to  thank  you  all  for  the  uniform  kindness  and  forbearance  which 
you  have  invariably  shown  me,  and  to  express  my  heartiest 
wishes  for  your  continued  happiness  and  welfare,  whilst  I  beg 
you  to  accept  the  assurance  on  my  part  that  the  interests  and  the 
prosperity  of  the  Club  will  ever  be  the  object  of  my  sincere  interest. 
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OPENING  ADDRESS 

OF 

Washington  Jones,  President. 

On  taking  the  Chaib  fob  1886. 
Presented  January  9th,  1886. 

Fellow-Members: — I  am  quite  sensible  of  the  honor  conferred 
by  the  vote  announcing  me  as  the  presiding  ofl&cer  of  the  Club ; 
but,  I  will  say  frankly,  my  own  preference  would  have  been  that 
your  selection  had  fallen  upon  some  member  whose  association 
with  you  is  of  longer  duration  than  mine.  However,  I  feel  sure 
that  none  can  be  more  desirous  than  I  am  of  promoting  the  in- 
terests of  the  Club,  and  of  assisting  to  maintain  its  reputation  and 
the  respect  with  which  it  is  regarded  by  kindred  societies.  I  beg 
you  will  excuse  me  from  extending  my  address,  as  I  am  not  given 
to  much  speaking,  having  long  entertained  the  belief  that  Engi- 
neers are  known  and  esteemed  by  their  works,  rather  than  by 
their  words. 

I  ask  your  co-operation  in  the  discharge  of  the  duties  entrusted 
to  me,  and  your  indulgent  consideration  if  I  should  fail  to  meet 
the  requirements  of  the  position  which  has  been  so  acceptably 
filled  by  my  predecessors. 


XIV. 


A  NOVEL  CEMENT  TESTING  MACHINE. 

By  P.  F.  Brendunoer,  Active  Member  of  the  Club. 
Read  October  17th,  1885. 

For  want  of  a  better  name,  I  call  it "  novel " — perhaps  "  cheap  " 
would  have  expressed  it  better,  but  then  the  manufacturers  of 
testing  machines  would  have  made  the  same  claim,  viz.:  that 
their  machines  are  all  cheap;  so  let  it  stay  '^ Novel" 

I  wish  to  state  that  I  will  not  even  claim  equality  with  cement 
testing  machines  made  by  regular  manufacturers,  nor  will  I  enter 
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upon  the  question  of  how  to  make  cement  tests,  preparing  the 
hriquetts,  etc.  What  I  desire  to  produce  is  a  machine  that  will  test 
with  sufficiently  approximate  accuracy  to  be  used  by  all  those 
engineers,  contractors,  and  railroad  men  in  general,  who  will  not, 
or  cannot  afford  to,  buy  stcmdard  machines,  costing  about  $100. 
It  is  a  very  rare  occurrence  to  see  a  cement  testing  machine  on 
a  railroad,  in  fact,  not  one  road  that  I  was  ever  connected  with 
had  a  machine. 

Immediately  after  commencing  the  construction  of  the  Reading 
and  Pottsville  Railroad  (last  spring),  cement  manufacturers 
poured  into  my  office,  at  Pottsville,  with  their  wares ;  as  usual, 
each  manufacturer  had  the  best  brand,  and  backed  up  his  state- 
ments with  innumerable  testimonials  and  tabulated  statements, 
showing  very  fine  results.  I  used  some  of  these  cements  for  a 
month,  and  by  various  crude  tests  satisfied  myself,  I  was  getting 
a  variable  cement,  some  good  and  some  bad.  My  Prin.  Asst. 
Eng.,  Mr.  Chas.  S.  Churchill,  and  I  then  put  our  ideas  together  to 
construct  a  cheap  testing  machine,  and  the  result  is  what  I  show 
by  photograph  and  detailed  plan  of  machine.  The  photograph 
shows  the  machine  in  working  order  with  all  the  paraphernalia 
attached,  as  it  stands  in  my  office.  In  the  detailed  plan  (Fig.  1) 
is  a  side  elevation  of  the  machine.  The  framework  consists  of 
an  ordinary  trestle  I  found  lying  around.  An  ordinary  carpenter 
put  on  the  top  or  table  and  made  the  wooden  clamp  at  the  end 
to  hold  the  briquetts.  The  upper  clamp  is  made  entirely  of  oak, 
while  the  lower  is  bound  with  a  strap  of  iron,  and  holding  the 
spring  balance  reaching  100  lbs.,  a  lever,  5'  1"  long,  is  attached 
to  the  lower  clamp  and  is  kept  from  moving  laterally  by  a  vertical 
slit  used  as  a  guide  in  a  board  near  the  end  of  the  lever;  this  in- 
sures a  square  break  of  the  briquett.  A  small  button  holds  up 
the  lever  when  not  in  use.  The  upper  clamp  has  two  brass 
hooks,  which  catch  in  two  eyes  on  the  lower  clamp,  which  hold 
the  clamp  together  while  putting  in  the  briquett;  then  they  are 
uncoupled,  and  the  briquett  is  broken  by  means  of  the  lever,  etc. 
The  lower  clamp  has  a  hole  bored  through  it,  into  which  an  iron 
rod  extends  fastened  to  the  trestle;  this  is  for  the  purpose  of  stop- 
ping the  fall  of  the  lower  clamp  and  balance  after  the  briquett  is 
broken.    There  is  sufficient  play  around  this  bolt,  so  that  no  part 
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touches  while  the  strain  is  applied.  The  water  pan  is  shown  under 
the  machine  and  is  made  of  galvanized  iron. 

Fig.  2  shows  the  plan  of  the  machine.  Fig  3  an  end  elevation 
on  large  scale,  and  Fig.  4  shows  half  size  of  briquett  moulds. 

The  entire  cost  of  this  machine  as  built  is  $12,  and  by  a  few 
changes,  the  cost  can  be  very  much  reduced;  and  on  roads,  where 
carpenters  and  blacksmiths  are  constantly  employed  and  paid  for 
by  the  month,  a  machine  can  be  turned  out  some  rainy  day  that 
will  not  cost  over  five  or  six  dollars. 

To  obtain  the  exact  breaking  strain  of  a  briquett,  the  number 
of  pounds  is  read  on  the  balance,  and  four  pounds  added  for  the 
weight  of  the  lower  clamp  and  balance.  The  briquetts  are  made 
in  two  ways :  one  of  pure  cement  and  immersed  in  water  in  the 
pan,  and  kept  there  for  24  hours,  when  they  are  broken;  the  other, 
a  mixture  of  two  parts  sand  and  one  part  cement,  kept  immersed 
for  seven  days,  then  broken.  This  machine  will  not  show  as 
high  results  as  are  obtained  from  Richie's  or  Fairbanks'  machines ; 
but  the  comparative  results  between  difierent  cements  can  be  just 
as  readily  obtained,  and  when  a  certain  brand  is  once  adopted, 
the  uniformity  of  the  cement  can  be  just  as  well  determined  as 
in  a  better  machine. 

There  have  been  over  600  tests  made  this  season  in  this 
machine,  and  I  know  it  would  surprise  many  engineers  to  look 
over  the  pages  of  the  record  and  see  how  bad  some  cement  is.  I 
would  be  glad  to  see  every  engineer,  and  purchaser  of  cement,  use 
a  cement  testing  machine,  and  wherever  the  cost  has  been  in 
the  way,  it  is  now  removed.  Manufacturers  of  cement  will  not 
exert  themselves  very  much  to  improve  their  cements,  while  they 
can  sell  more  of  the  kind  they  have  got,  than  they  can  make. 
But  engineers  can  soon  have  a  good  article  produced  all  the  time 
after  they  have  a  testing  machine. 

I  might  add  that  a  better  and  perhaps  higher  breaking  strain 
can  be  reached  by  suspending  from  the  end  of  the  lever,  a  bucket, 
and  having  a  hopper  above  it,  filled  with  sand  or  shot,  which 
would  run  into  the  pan,  and  thus  put  the  strain  on  the  briquett 
gradually.  A  number  of  changes  could  be  made  to  suit  the  in- 
dividual as  long  as  the  result  is  reached. 
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XV. 


THE  ADAPTATION  OF  STEEL  TO  STRUaURAL  WORK. 

Bj  James  CHRismBy  Actiye  Member  of  the  Clab. 
Bead  November  Ith,  1885. 

Though  the  use  of  steel  in  engineering  structures  is  now 
widely  extended,  yet  it  has  not  attained  the  development  that 
was  ardently  anticipated  by  many  engineers  a  few  years  ago. 
The  price  of  steel  has  now  fallen  so  low  as  compared  with  that 
of  iron,  that  its  adoption  will  undoubtedly  be  actively  stimulated, 
as  soon  as  a  revival  of  industry,  especially  of  ship  building,  will 
offer  a  more  extended  market  for  the  product  of  the  mills. 

The  grades  and  properties  of  the  steels  are  so  various  and  dis- 
tinct, and  the  special  adaptability  of  each  grade  for  a  definite 
purpose,  is  so  uncertainly  understood,  that  opinions  on  the  whole 
subject  diverge  widely. 

Regarding  the  method  of  manufacture  of  structural  steel, 
engineers  have  been  generally  favorable  to  the  product  of  the 
open-hearth  furnace,  especially  for  mild  steel  of  high  ductility. 

But  recent  results  obtained  from  Bessemer  steel  show  that  it 
can  be  produced  as  uniform  and  reliable  as  its  competitor. 

From  Bessemer  ingots  recently  made  for  the  Susquehanna 
Bridge,  only  18  in  a  total  of  120  tests,  or  15  per  cent.,  were  re- 
jected as  not  within  the  specifications. 

Two  years  ago,  of  open-hearth  steel  made  for  the  Niagara  Canti- 
lever Bridge,  out  of  245  tests  136  were  rejected,  or  55  per  cent,  of 
the  total,  for  non-conformity  to  specifications. 

A  modification  of  the  pneumatic  system,  known  as  the  Clapp- 
Griffith  process,  is  coming  extensively  in  use — no  less  than  five 
separate  plants  being  under  construction  east  of  the  AUeghanies 
alone. 

The  essential  differences  between  this  process  and  the  usual 
Bessemer  method,  consist  in  the  use  of  a  fixed  converting  vessel 
with  a  cinder  overflow,  and  the  introduction  of  the  air  blast, 
under  a  more  moderate  pressure  through  the  sides,  instead  of 
through  the  bottom  of  the  converter. 


A 
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Its  advocates  claim  the  ability  to  produce  a  mild  steel  having 
physical  properties,  which  render  it  especially  suitable  for  struct- 
ural work. 

The  seeming  tendency  amongst  American  engineers  at  present, 
is  not  to  specify  how  the  steel  shall  be  made,  but  simply  what  its 
physical  properties  shall  be. 

For  boiler  and  ship  plates,  the  common  verdict  is  expressed  in 
favor  of  the  softest  and  most  ductile  steel  that  can  be  made,  say 
60,000  lbs.  tenacity,  elongation  25  per  cent,  in  8  inches,  having 
no  apparent  hardening  property,  and  capable  of  being  readily 
welded. 

For  angles  and  beams  in  ship  frames  and  decks,  steel  as  high 
as  75,000  lbs.  tensile  strength  is  used,  with  definite  limitation  of 
the  hardening  qualities,  and  unimpaired  capacity  for  welding. 

For  bridges,  the  line  is  drawn  sharply  between  steel  for  com- 
pression and  for  tension  members,  or  for  members  subject  to 
alternate  stresses  of  tension  and  compression. 

Considering  the  shock,  the  impact  or  sudden  reversal  of  stress, 
resulting  from  rapidly  moving  loads,  bridge  engineers  should 
insist  on  high  ductility  for  tension  steel,  and  allow  a  high  factor 
of  safety  for  same  when  proportioning  the  structure. 

For  members  subject  to  compression  alone,  such  marked  ad- 
vantages occur  from  the  use  of  high  tension  steel,  that  it  may  be 
best  to  sacrifice  a  little  ductility  for  the  sake  of  high  resistance. 

This  is  probably  safe  practice,  for  while  a  tension  bar  is  liable 
to  destruction — from  a  sudden  snap,  a  column  of  either  wrought 
iron  or  steel,  if  properly  designed,  is  not  equally  liable  to  abrupt 
failure. 

Many  bridge  struts  have  weak  joints,  or  insufficient  care  has 
been  exercised  to  carry  the  line  of  stress  to  the  axis  of  the  strut, 
but  these  and  similar  defects  should  be  avoided,  and  if  properly 
constructed,  an  overtaxed  strut  should  exhibit  its  weakness  by 
visible  distortion  before  utter  destruction  occurred. 

For  tension  members  of  bridges,  recent  specifications  require 
an  ultimate  tenacity  of  65,000  to  75,000  lbs.  per  square  inch, 
elastic  limit  40,000  to  45,000  lbs.,  and  an  ultimate  elongation  of 
20  to  25  per  cent,  in  eight  inches.  Sometimes  a  bending  test, 
after  cooling  in  water  from  red  heat,  is  required  to  prove  the  ab- 
sence of  undue  hardness. 
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For  compression  members,  the  tenacity  is  specified  at  from 
80,000  to  90,000  lbs.,  and  elastic  limit  50,000  to  55,000  lbs.  per 
square  inch,  elongation  18  to  20  per  cent,  in  eight  inches. 

In  the  remarkable  structure  now  under  construction  across  the 
Firth  of  Forth,  in  Scotland,  about  45,000  tons  of  open-hearth 
steel  will  be  used.  The  engineers  specify  for  tension  members, 
a  tenacity  of  66,000  to  72,000,  and  elongation  of  20  per  cent.,  for 
compression  steel  75,000  to  82,000  lbs.  per  square  inch,  and  elonga- 
tion of  17  per  cent,  in  eight  inches.  Mr.  Baker  claims  an  un- 
doubted advantage  in  the  use  of  the  high  tension  steel  for  com- 
pression members,  although  his  hardest  metal  is  soft  as  compared 
to  the  average  rail  steel,  which  ranges  from  85,000  to  100,000  lbs. 
tensile  strength. 

In  the  Forth  Bridge  about  one-half  of  the  material  has  to  sus- 
tain compression,  therefore  the  selection  of  the  best  material  was 
a  subject  of  vast  importance* 

Judging  from  the  compression  experiments  that  have  been 
made  on  the  different  metals,  their  relative  compression  resist- 
ances in  lbs.  per  square  inch  of  section,  would  be  as  follows: — 
for  iron,  for  steel  of  65,000  lbs.  tenacity,  and  for  steel  of  90,000 
lbs.  tenacity : 

Mild  Steel.  H^rd  Steel. 

51,000  74,000 

42,000  58,000 

'    36,000  49,000 

30,000  40,000 

Columns  longer  than  40  diameters  are  unusual  in  bridges,  but 
even  at  that  ratio  the  high  tension  steel  possesses  an  advantage 
of  fifty  per  cent,  over  iron. 

In  the  foregoing  statement  it  is  presumed  that  either  material 
will  sustain  the  same  measure  of  resistance  in  built-up  members 
that  have  passed  through  the  usual  ordeal  of  construction,  that 
it  has  been  proved  able  to  endure  in  untreated  bars,  or  that  it 
has  sustained  in  isolated  experiments  on  finished  columns. 
Herein  lies  the  uncertainty,  for,  unfortunately,  some  experiments 
have  betrayed  a  weakness  on  the  part  of  the  steel,  which  must  be 
traced  either  to  improper  material,  or  else  to  faulty  methods  of 
manufacture. 


BAtio  of  diameter 
to  length. 

Iron. 

10 

43,000 

20 

36,000 

30 

31,000 

40 

26,000 
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On  the  Forth  Bridge  the  engineers  have  been  compelled  to 
abandon  the  shearing  process  on  plates ;  and  the  punch  and  the 
shears,  hitherto  the  standard  tools  of  the  bridge-shop  and  the 
ship-yard,  are  replaced  by  the  drill  press  and  the  planing 
machine. 

If  this  change  should  prove  to  be  necessary,  it  indicates  that 
the  methods  usual  in  iron  construction  must  be  abandoned  if 
we  use  steel,  and  a  reorganization  of  existing  finishing  plants 
must  take  place — probably  also  a  change  in  the  design  of  con- 
structive details  will  follow  to  suit  the  altered  conditions.  But 
such  changes  involve  more  expensive  workmanship — ^and  under 
the  pressure  of  close  competition,  manufacturers  will  naturally 
cling  to  the  cheaper  methods,  unless  compelled  to  adopt  the  more 
expensive  system. 

In  a  limited  series  of  experiments  recently  made  under  my 
direction,  of  small  struts  of  both  hard  and  mild  steel — which 
were  punched,  straightened  and  riveted  in  the  manner  usual 
with  iron — every  piece  sustained  the  normal  pressure,  and  failed 
precisely  as  previous  experiment  indicated  failure  should  occur 
with  the  component  bars  in  the  condition  they  left  the  rolls. 

But  when  designing  structures,  the  elasticity  of  the  metal  must 
be  considered,  and  it  is  well  known  that  in  this  respect  wrought 
iron  and  steel  stand  practically  on  equality.  Hence  if  we  reduce 
the  quantity  of  steel  in  a  girder  below  the  sections  we  should  use 
if  built  of  iron,  we  must  expect  greater  deflection  in  the  former 
than  in  the  latter  structure.  This  sacrifice  of  stiffness  cannot 
always  be  allowed,  and  the  result  may  prove  that  engineers  will 
be  compelled  to  use  equal  quantities  of  either  material,  trusting 
to  the  advantage  gained  in  increased  strength  by  the  use  of  steel. 

Steel  as  a  structural  material  is  still  in  its  infancy,  but  it  is 
evident  that  in  its  adoption  we  must  exercise  a  degree  of  intelli- 
gent and  vigilant  inspection  during  all  stages  of  its  manufacture, 
that  we  have  never  accorded  to  iron. 

To  the  intelligent  engineer,  this  result  would  be  an  advantage 
rather  than  otherwise,  as  it  would  tend  to  abolish  hap-hazard 
methods  in  both  design  and  construction,  and  thus  elevate  and 
dignify  his  profession. 
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Steel  Castings. 

Steel  castings  are  now  being  extensively  used,  and  they  serve 
an  excellent  purpose,  especially  for  the  machinist,  as  they  admit 
of  constructions  for  which  either  iron  castings  or  forgings  were 
unfitted.  The  metal  is  produced  by  all  the  usual  methods,  viz.  : 
from  the  crucible,  the  open-hearth  furnace,  and  the  Bessemer 
converter.  During  the  past  year,  the  price  has  been  appreciably 
reduced,  and  at  the  same  time  the  quality  improved. 

The  evil  of  sponginess,  hitherto  the  bane  of  steel  castings,  is 
still  an  occasional  fault,  but  the  difficulty  has  been  much  abated 
by  proper  selection  of  metals,  and  improvements  in  foundry 
practice.  When  solid,  the  castings  have  nearly  the  same  specific 
gravity,  tenacity  and  elasticity  nearly  equal  to,  and  ductility 
somewhat  inferior  to  forged  steel  of  the  same  grade.  The  cast- 
ings are  perfectly  trustworthy  under  tensile  working  stresses  of 
10,000  to  15,000  lbs.  per  square  inch  of  section,  or  about  twenty 
per  cent,  better  than  iron  forgings,  or  four-fold  better  than  ordi- 
nary castings. 

In  at  least  one  instance  under  my  observation — that  of  a  port- 
able compression  riveter — ^the  transverse  stress  on  the  frame  of 
the  machine  causes  an  intermittent  tensile  stress  on  the  steel 
casting  of  15,000  lbs.  per  square  inch,  and  occasionally  rising  to 
20,000  lbs.,  without  apparent  evidence  of  weakness.  I  have  found 
steel  castings  unsuited  to  wear  on  each  other  in  frictional  contact. 
The  surfaces  interlock  and  cut  under  very  moderate  pressures. 
If  one  or  both  of  the  surfaces  are  hardened,  this  difficulty  ceases, 
or  steel  castings  may  be  run  on  surfaces  of  cast  iron  with  satis- 
faction. 

DISCUSSION. 

Nwemb€r2\8tf  1885. 

Mr.  Thomas  M.  Cleemann  thought  the  use  of  steel  instead  of 
iron  by  engineers  was  dependent  principally  on  the  manufac- 
turers producing  a  perfectly  uniform  and  reliable  product,  which 
at  present  they  do  not  seem  to  do.  He  thought  that  the  advan- 
tage of  using  a  cast  metal  was  in  favor  of  steel,  by  which  struts 
could  be  made  of  a  hollow  circular  section,  requiring  least  mate- 
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rial,  and  the  punching  of  holes  for  fastening  pieces  together  by 
riveting,  which  especially  weakens  steel  of  a  high  grade,  could  be 
dispensed  with. 

Mr.  James  Christie  said  in  reply,  that  it  was  very  improbable 
that  struts  would  ever  again  be  made  directly  from  castings.  Aside 
from  the  diflSculty  of  maintaining  a  uniform  thickness  of  metal, 
the  cost  of  construction  would  be  gifeater  than  by  the  present 
method  of  building  up  rolled  material. 

Prof.  Wm.  H.  Burr  said  the  steel  question  presents  itself  to 
engineers  under  two  entirely  different  aspects.  The  first  involves 
the  character  of  the  metal  per  se;  and  the  second  is  based  upon 
the  consideration  of  the  influence  of  this  metal  on  structural  de- 
sign. In  the  first  place,  although  improvements  in  the  uni- 
formity of  production  can  yet  be  made,  steel  makers,  by  either 
the  Bessemer  or  open  hearth  processes,  are  ready  to  work  under 
any  physical  specifications  affecting  uniformity  that  may  be  de- 
manded by  the  best  engineering  practice  of  the  present  time; 
and  it  may  be  safely  asserted  that  increased  uniformity  will  keep 
pace  with  any  demand. 

Unfortunately,  however,  there  seems  to  be  considerable  divers- 
ity in  the  results  of  experiences  with  the  many  and  varied  shop 
manipulations  necessary  to  the  completion  of  the  structural  mem- 
ber. Mr.  Christie  tells  us  that  in  supplementing  his  most  admir- 
able tests  on  angle  iron  struts,  by  those  on  composite  riveted 
columns,  he  found  the  ultimate  unit  of  stress  in  the  latter  essen- 
tially equivalent  to  that  realized  in  the  former.  On  the  other 
hand,  I  am  credibly  informed  by  the  chief  inspector  of  an  exten- 
sive railway  system,  that  some  full  sized  high  Bessemer  steel  lat- 
ticed columns  built  for  a  large  bridge  failed,  when  tested  to  de- 
struction, to  give  much,  if  any,  excess  over  corresponding  wrought 
iron  columns.  These  and  other  similar  results  suggest  the  possi- 
bility, or  even  probability,  that  the  known  sensitiveness  of  high 
steel  demands  a  more  extensive  experimental  experience  with 
finished  bridge  members  before  the  general  use  of  such  metal  in 
columns  can  be  considered  satisfactory.  Low  structural  steel  of 
60,000  to  65,000  lbs.  ultimate  tensile  resistance,  is  capable  of  any 
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duty  in  the  finished  structure  in  the  most  satisfactory  manner, 
and  high  steel  of  80,000  to  90,000  lbs.  ultimate  tensile  resistance 
will  eventually  be  equally  reliable,  but  there  are  serious  reasons 
for  much  care  in  its  present  use.  The  eflfect  of  the  introduction 
of  steel  on  structural  design  has  not  yet  received  the  same  con- 
sideration as  that  of  constructive  processes.  With  the  increased 
working  stresses  allowed  in  steel,  the  coeflScient  of  elasticity  re- 
mains essentially  the  same  as  for  wrought  iron,  with  its  lower 
allowable  stresses.  With  the  same  design  in  both  metals,  the 
result  is  an  increase  of  strains  for  steel  in  direct  proportion  to  the 
unit  stresses,  and  precisely  the  same  proportional  increase  of  de- 
flections. The  present  and  increasing  requirements  for  rapidly 
moving  loads  make  this  a  very  serious  aspect  of  the  question,  and 
give  rise  to  a  corresponding  modification  of  design,  so  that  proper 
stiffness  as  well  as  strength  may  be  maintained.  A  comparison 
of  the  deflections  of  the  Niagara  and  St.  John's  cantilevers,  shows 
very  clearly  the  effect  of  a  constant  coefficient  of  elasticity  with 
an  increased  working  stress.  The  principal  dimensions  of  these 
structures  are  sufficiently  near  in  value  to  afford  a  very  interest- 
ing comparison.  The  greatest  deflection  of  the  Niagara  Bridge, 
with  its  high  steel  compression  members,  with  working  stresses 
that  cannot  be  far  from  9,000  to  10,000  lbs.,  in  combination  with 
wrought  iron  tension  members,  was  7^  inches;  while  that  of  the 
St.  John's  Bridge,  with  all  members  of  about  60,000  lbs.  steel  and 
corresponding  working  stresses,  was  4  inches.  A  proper  allow- 
ance for  the  compression  of  the  steel  piers  of  the  former  leaves  a 
remaining  difference  of  over  2  inches.  Again,  the  effect  of  alter- 
nate stresses  of  opposite  kinds  on  the  design  of  steel  members,  is 
still  a  matter  in  almost  a  purely  conventional  state.  The  experi- 
ments of  Weyrauch  and  Spangenberg  are  of  the  right  kind,  and 
constitute  a  long  step  in  the  right  direction;  but  it  must  be  borne 
in  mind  that  these  experimenters  treated  specimens  and  not 
structural  members.  The  ultimate  physical  condition  of  steel 
furnishes  strong  reasons  for  believing  that  its  fatigue  under  com- 
pression will  be  considerably  less  than  that  of  wrought  iron. 
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RECENT   SPECIFICATIONS  AS  AFFECTING  THE  DIMEN- 
SIONS OF  IRON  R.  R.  BRIDGES. 

By  J.  S.  Elliott,  Active  Member  of  the  Club. 
Bead  November  21^  1885. 

Based  as  engineering  methods  are  on  an  exact  science  supple- 
mented by  the  experimental  research  of  years,  it  is  neverthe- 
less often  the  case  that  the  members  of  our  fraternity  find  them- 
selves in  positions  where  silence  is  very  good  gold  as  far  as  the 
prophesying  of  results  is  concerned.  Certain  as  they  may  be  of 
the  purely  mathematical  treatment,  the  suspicion  of  some  illogical 
assumption,  together  with  the  disagreeable  consciousness  of  the 
insufficiency  of  existing  data,  is  enough  to  make  them  suspect 
that  they  are  experimentalists  on  a  large  and  costly  scale,  where, 
if  success  means  professional  honors,  defeat  as  certainly  entails 
hopeless  notoriety. 

It  is  this  figuring  about  what  we  do  not  know  plus  a  few  fail- 
ures that  has  caused  the  rabidly  "practical  man"  to  look  some- 
what askance  at  his  scientific  brother,  and  that  tends  to  strengthen 
in  a  melancholy  way  the  old  joke  that  the  stability  of  a  structure 
is  invariably  inversely  as  the  scientific  acquirements  of  the  builder. 

Wherever  a  shaft  of  this  kind  may  lodge,  it  certainly  loses  its 
point  altogether,  or  at  any  rate,  becomes  blunted  when  directed 
against  American  iron  bridge  building.  Incomplete,  as  are  still 
our  data  and  experiments,  this  branch  of  our  profession  can  lay 
claim  to  a  closer  harmony  between  theory  and  practice  than 
any  other.  We  roll  iron  to  any  reasonable  required  strength ; 
can  estimate  the  weight  of  a  contemplated  structure  to  within  a 
few  pounds;  the  developed  strains  are  what  they  are  calculated 
to  be,  and  act  along  their  assigned  lines. 

In  short,  such  is  the  simplicity  of  design  of  our  best  types,  and 
so  close  is  the  agreement  in  essentials  among  our  bridge  designers, 
that  any  criticism  of  prevailing  methods  would  be  ignored  if  of 
a  denunciatory  tone. 

My  endeavors  here  are  to  show  to  what  extent  variations  in  our 
later  standard  specifications  affect  the  bridge-member  dimensions. 
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and  to  point  out  any  inconsiBtencies  or  unnecessary  refinements 
in  those  specifications. 

That  dilBferent  requirements  cause  great  differences  in  the 
amount  of  iron,  there  can  be  no  doubt.    Among  the  bridges 
recently  built  by  the  Detroit  Bridge  and  Iron  Co.  Works,  are  the 
'  three  following,  all  single  track : 

Iron  Weights. 

1—162'  Through  Span  for  the  Wabash  Railway,  178,089  lbs. 
l_164'Deck  "       "     "  "  "         206,356    " 

1—164'  Through     "       "    "    L.  S.  &  M.  S.  Ry.  230,230    " 

The  third  span  here  is  8  ft.  shorter  than  the  first,  and  yet  has 
30  per  cent,  more  iron  in  it.  Such  differences,  however,  are  rare 
and  are  the  results  largely  of  unequal  live  load  requirements. 
These  have  lately  increased  very  much. 

The  general  specifications  for  Cincinnati  Southern  R.  R. 
bridges,  in  1875,  give  "two  locomotives  coupled,  each  weighing 
36  tons  on  drivers,  in  a  space  of  12  ft. ;  total  weight  of  each  en- 
gine and  tender  loaded,  66  tons  in  a  space  of  50  ft.,  and  followed 
by  loaded  cars  weighing  20  tons  each,  in  a  space  of  22  ft."  To- 
day the  Phoenix  Bridge  Co.  provides  for  a  uniform  load  of  3000 
lbs.  per  foot,  headed  by  two  consolidation  locomotives,  each  weigh- 
ing 171,000  lbs.,  with  96,000  lbs.  on  the  four  pairs  of  drivers, 
14'  9"  wheel  base.  The  additional  1000  lbs.  in  train  load  is  no 
provision  for  any  future  increase  in  rolling  stock,  for  a  P.  &  R. 
R.  R.  coal  car,  24'  IJ"  long,  already  weighs  78,000  lbs.,  or  some 
3,200  lbs.  per  lin.  ft. 

Formerly,  for  purposes  of  calculation,  the  train  load  was  con- 
sidered uniform,  and  the  excess  in  each  set  of  locomotive  drivers 
was  concentrated  at  the  head  of  the  locomotive.  Concerning  this, 
the  last  album  of  the  Phoenix  Bridge  Co.  says: 

"The  old  method  of  a  uniform  moving  load  with  locomotive 
excess  in  firont,  no  longer  meets  the  requirements  of  the  best 
structural  designs.  The  wheel  concentrations  must  be  taken  as 
they  are,  and  that  position  assumed  which  will  give  the  greatest 
value  to  the  stresses  sought.  These  observations  possess  special 
force  in  connection  with  the  design  of  floor-systems  of  railway 
bridges." 

For  the  floor-system,  this  is  perfectly  right;  but  for  purposes  of 
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getting  the  web  and  flange  strains,  it  seems  to  me  an  unnecessary 
refinement.  The  annexed  diagram  shows  the  actual  load  dis- 
tribution for  two  passenger  locomotives  in  order  to  get  the  maxi- 
mum flange  and  web  strains  in  a  truss  with  a  panel  width  equal 
to  17  ft.,  c  to  c. 
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Each  locomotive  with  tender  weighs  88  tons,  and  has  40  tons 
concentrated  on  two  pairs  of  drivers,  8  ft.,  c  to  c.  Six  panels, 
each  17  ft.  long,  are  thus  covered,  and  the  loads  at  the  lettered 
panel  joints  vary  from  what  they  would  be,  assuming  a  uniform 
load  equal  to  3000  lbs.  per  lin.  ft.,  to  this  extent:  A  =  —  6 J  tons, 
B  =  +  8  tons,  C=+lton,  D  =  —  6  tons,  E  =  +  10  tons, 
F  =  +  ^  ton,  G  =  +  3J  tons.  As  these  variations  in  joints  A, 
C,  jD,  F  and  G  are  none  of  them  very  large,  I  assume  a  uniform 
panel  load,  25^  tons  at  each  joint,  except  at  B  and  jE,  where  is 
placed  besides  an  excess  =  to  9  tons.  The  strains  in  the  web 
members  of  a  Pratt  truss,  length  of  panel,  17'  c  to  c,  calculated 
by  these  two  methods,  varied  no  more  than  5  per  cent. — the  error 
in  using  the  easier  method  being  one  on  the  safe  side.  In  fact, 
the  assumption  of  a  very  heavy  train  load  diminishes  the  amount 
of  the  locomotive  excess,  and  the  inspection  of  the  diagram  will 
show  that  these  same  strains  would  alter,  in  this  particular  case, 
but  little  assuming  a  uniform  load,  and  abolishing  the  said  ex- 
cess altogether.  In  figuring  the  strains  in  bridges,  it  has  always 
been  the  custom  to  assume  that  the  loads  acted  at  the  loaded 
flange  joints.    Some  recent  specifications  make  this  provision: 

"  In  addition  to  the  live  loads  before  mentioned,  the  structure 
shall  carry  the  following  dead  load,  viz. : 

At  the  panel  points  of  the  loaded  chords. 

First — The  weight  of  the  floor  (composed  of  the  weight  of  the 
cross  ties  used  for  the  particular  kind  of  floor  adopted,  and  a 
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weight  of  140  lbs.  per  foot  lineal  of  track,  covering  the  weight  of 
rails,  guard  rails,  splices,  spikes,  and  bolts). 

&co?id. — One-half  the  weight  of  the  truss. 

Third. — The  weight  of  the  iron  floor  system,  if  any. 

Fourth, — The  weight  of  the  lateral  system  belonging  to  the 
loaded  chord;  and 

Fifth. — One-half  the  weight  of  the  sway  bracing. 

At  the  panel  points  of  the  unloaded  chords: 

First. — One-half  the  weight  of  the  truss. 

Second. — The  weight  of  the  lateral  system  belonging  to  the  un- 
loaded chord,  and 

Third. — One-half  the  weight  of  the  sway  bracing." 

It  is  not  easy  to  see  the  advantage  of  leaving  the  old  custom 
here.  The  flange  strains  of  a  Piatt  or  Howe  truss  are  not  thereby 
altered,  and  indeed  the  sole  change  would  be  a  plus  or  minus  va- 
riation in  the  posts  equal  to  the  panel  load  of  one  unloaded 
chord.  About  28  per  cent,  of  the  static  load  goes  to  these  un- 
loaded flange  joints;  this  is  such  a  small  percentage  of  the  accu- 
mulated stresses  brought  on  Pratt  posts  that  it  could  as  safely  be 
left  out. 

The  stress  laid  on  wind  bracing  is  one  of  the  strong  points  in 
American  methods.  The  custom  now  is  to  proportion  the  loaded 
flange  lateral  bracing  for  450  pounds  per  lineal  foot — 300  pounds 
of  which  to  be  considered  as  a  moving  load ;  to  the  bracing  of  the 
unloaded  flange  are  given  150  pounds  per  lineal  foot.  Also,  no- 
addition  to  the  flange  sections  due  to  wind  strains  shall  be  made 
as  long  as  the  wind  strains  are  within  one-quarter  of  the  maxi- 
mum strain  due  to  dead  and  live  load,  and  as  long  as  the  wind 
strains  alone,  or  in  combination  with  a  possible  temperature 
strain,  cannot  neutralize  or  reverse  the  tension  in  the  end  panels 
of  the  lower  chord.  Such  are  Mr.  Theodore  Cooper^s  provisions 
in  his  last  specifications;  the  first  portion  slightly  modified  is 
also  insisted  upon  by  Messrs.  Wilson  Bros.,  members  of  the  Club, 
in  their  last  album.  This  involves  an  important  principle — a 
sound  one,  that  might  have  a  more  extended  application,  for,  it 
asserts  it  to  be  so  seldom  the  case  all  possible  attacking  forces  are 
combined,  that  it  is  not  thought  worth  while  to  provide  for  such  a 
contingency  by  increasing  the  chord  section  as  long  as  the  attack 
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fails  to  reach  certain  proportions.  Granting  this,  why  not  apply 
it  for  purposes  of  economy  to  a  double  track  through  Pratt  span 
where  each  truss  is  but  very  seldom  strained  to  the  full  extent  of 
its  allowable  stresses — ^in  fact,  to  hardly  more  than  three-fourths 
of  what  is  permissible? 

Would  it  not,  therefore,  be  consistent  and  sound  to  use  some- 
what larger  unit  stresses — say  12,000  and  9,000  pounds  for  tensile 
and  compressive  units,  in  such  a  case,  rather  than  the  generally 
accepted  values,  19,000  and  8,000  pounds  ?  Between  15  and  20 
per  cent,  of  metal  would  thereby  be  saved. 

To  Germans  and  Americans  belongs  the  credit  of  first  making 
the  maximum  allowable  unit  stress  a  variable  quantity — a  func- 
tion of  the  quality  as  well  as  quantity  of  loading.  With  us,  it 
was  common  sense  that  told  us  to  make  an  allowance  for  stresses 
alternating  in  character,  such  as  withstand  the  braces  of  any 
Warren  girder.  The  Germans  took  measures  to  formulate  their 
opinions  by  experimental  aid.  These  experiments,  with  subse- 
quent deductions,  are  well  known  to  all  bridge  engineers,  but  as 
there  may  be  some  members  present  whose  specialties  do  not  in- 
clude bridge  matters,  I  will  do  more  than  merely  allude  to  them. 
The  foundation  of  the  new  method  is  Wohler's  law  itself,  based 
on  experiment.  We  will  suppose  a  bar  subject  to  a  repetition  of 
stresses  alternating  in  quantity. 

It  maintains  that  rupture  may  not  only  be  produced  by  apply- 
ing the  ultimate  strength  of  the  material  once,  but  also  by  using 
a  smaller  stress,  provided  the  application  is  repeated  often  enough. 
The  larger  the  number  of  repetitions,  and  the  greater  the  differ- 
■ence  betwen  the  alternating  stresses,  the  smaller  this  rupture  stress 
becomes,  and  vice  versa. 

Furthermore,  for  each  material  there  is  a  limit  of  stress,  V,  for 
which  an  infinite  number  of  stress  repetitions,  alternating  with  a 
complete  release  from  stress,  will  not  produce  rupture.  From 
this  law  and  his  "inner  consciousness,"  no  contemptible  ally  to  a 
German,  Launhardt  derived  his  formula  for  finding  the  safe 
working  strength  (a),  which,  simplified  for  wrought  iron,  is  used 
by  the  Messrs.  Wilson,  as  follows: 

(^    ,   minimum  stress  in  member"\ 
maximum  stress  in  memberj 
a  =  permissible  stress  per  square  inch 
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w  = r—i. r — ?-r-  =  6500  or  7500  lbs.  per  square  inch, 

some  factor  of  safety  '^       ^ 

depending  on  the  shapes  used. 

To  the  best  of  my  belief,  these  gentlemen  were  the  first  in  this 
country  to  apply  Wohler's  law  rationally.  Dr.  Weyrauch,  of 
Stuttgart,  followed  in  Launhardt's  footsteps,  and  derived  from  the 
same  law  a  formula  applicable  to  stresses  of  two  kinds  (tension 
and  compression).  Logical  as  his  formula  is,  it  still  lacks  the 
experimental  confirmation  of  Launhardt's. 

Though,  of  course,  the  Germans  carry  oflf  the  palm,  due  praise 
should  be  given  to  the  Americans  for  instinctively  modifying 
their  units,  so  as  to  conform  in  a  rude  way  with  the  new  method. 
The  Engineer  of  the  Forth  Bridge,  Mr.  Baker,  in  a  late  address 
before  the  British  Association,  recognizes  this,  saying: 

"  Leading  Continental  and  American  engineers  have  asked  me 
what  is  my  practice  as  regards  the  admissible  intensity  of  stress 
in  iron  and  steel  bridges,  and  in  replying  I  have  invited  similar 
communications.  At  the  present  time  engineers  have  not  come 
to  any  agreement  on  this  point.  The  variance  in  the  strength  of 
existing  bridges  is  apparent  without  any  calculation.  Nearly  all 
the  large  railway  companies  are  strengthening  their  bridges,  for 
cases  exist  where  the  working  stress  on  the  iron  has  exceeded  by 
250  per  cent,  that  considered  admissible  by  leading  American 
and  German  bridge  builders."  ****** 

*  *  *  "A  bridge  which  would  be  passed  by  the  English 
Board  of  Trade  would  require  to  be  strengthened  5  per  cent,  in 
some  parts,  and  60  per  cent,  in  others,  before  it  would  be  accepted 
by  the  German  government,  or  by  any  of  the  leading  railway 
companies  in  America. 

"  This  undesirable  state  of  affairs  is  caused  by  many  engineers 
still  persistently  ignoring  the  fact  that  a  bar  of  iron  may  be  bro- 
ken either  by  the  single  application  of  a  heavy  stress,  or  by  the 
repeated  application  of  a  comparatively  light  stress." 

Speaking  of  Wohler's  law,  he  goes  on : 

"  Wohler  first  attempted  to  determine  the  laws  governing  the 
already  proved  destructive  action  of  intermittent  stresses.  In 
previous  experiments  the  bar  or  girder  was  alternately  fully 
loaded  and  wholly  relieved  of  load.    Wohler  tested  also  the  result 
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of  a  partial  relief  of  load.  The  striking  fact  was  soon  evidenced 
in  testing  specimens  under  varying  tensions,  that  the  amount  of 
the  variation  was  as  necessary  to  be  considered  as  that  of  the 
maximum  stress.  Thus,  an  iron  bar  having  a  tensile  strength 
of  24  tons  per  square  inch,  broke  with  about  100,000  applications 
of  a  stress  varying  from  nil  to  21  tons,  but  resisted  4,000,000  ap- 
plications of  the  21  tons  when  the  minimum  stress  was  varied 
from  nil  to  11}  tons.  The  alternations  of  stress  in  the  case  of 
some  test  pieces  numbered  no  less  than  132,000,000.  •  These  ex- 
periments proved  that  any  bar  or  beam  of  cast  iron,  wrought 
iron,  or  steel,  may  be  fractured  by  the  continued  repetition  of 
comparatively  small  stresses,  and  that  as  the  differences  of  stress 
increase,  the  maximum  stress  capable  of  being  sustained  di- 
minishes." 

"Various  formulas  based  upon  the  preceding  experiments  have 
been  proposed  for  the  determination  of  the  proper  sectional  area 
of  the  members  of  metallic  structures." 

"  Many  engineers  consider  that  the  admissible  stress  per  square 
inch  in  a  wrought  iron  girder,  subject  to  a  steady  dead  load,  would 
be  one  and  a  half  times  as  great  as  that  in  a  girder  subject  to  a 
wholly  live  load,  and  three  times  that  allowable  in  members  sub- 
ject to  alternate  tensile  and  compressive  stresses  of  equal  in- 
tensity, such  as  the  piston-rod  of  a  steam  engine,  or  the  central 
web  bracing  of  a  lattice  girder.  If  the  alternations  of  stress  to 
be  guarded  against  are  not  assumably  infinite  in  number,  but 
only  occasional — ^as  in  wind  bracing  for  hurricane  pressures,  or 
in  a  vessel  during  exceptionally  high  waves — then  the  aforesaid 
ratio  of  3,  2,  and  1  would  not  apply,  but  would  more  nearly  ap- 
proach the  ratios  6,  5,  and  4. 

"  Hundreds  of  existing  railway  bridges,  which  carry  20  trains  a 
day  with  perfect  safety,  would  break  down  quickly  under  20 
trains  per  hour.  This  fact  was  forced  on  my  attention  nearly 
twenty  years  ago  by  the  fracture  of  a  number  of  iron  girders  of 
ordinary  strength  under  a  five  minute  train  service.  Similarly, 
when  in  New  York  last  year,  I  noticed,  in  the  case  of  some 
girders  on  the  elevated  railway,  that  the  alternate  thrust  and 
pull  on  the  central  diagonals  from  trains  passing  every  two  or 
three  minutes,  had  developed  weaknesses  which  necessitated  the 
bars  being  replaced  by  stronger  ones  after  a  very  short  service." 
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As  far  as  the  purses  of  bridge  buyers  are  concerned,  the  new 
rule  means  increased  expenditure  for  light,  and  a  saving  in  long 
heavy  spans,  for  simple  inspection  shows  us  that  the  permissible 
stress  varies  as  a  function  of  the  ratio  of  dead  to  total  load.  The 
limits  are  6500  and  7500  lbs.  and  double  these  quantities — ^the 
first  to  be  used  when  there  is  no  dead  loading,  the  last  when 
there  is  no  live  loading. 

Take,  for  example,  a  bottom  flange  member  in  the  wrought 
iron  400'  span  of  the  Bismarck  Bridge,  which,  according  to  the 
specifications,  should  have  a  maximum  stress  of  10,000  lbs.  per 
square  inch,  but  as  a  matter  of  fact  has  10,850  lbs.  The  dead 
and  total  stresses  are  191,600  and  358,000  lbs. — the  new  rule 

makes  a  =  7500  (l  +  ^ggggj)  =  11,510  lbs.,  a  saving  over  the 

first  as  10,850  is  to  11,510.  Mr.  Theodore  Cooper,  C.E.,  specifies 
10,000  for  such  tension  members,  but  adds  that  for  spans  exceed- 
ing 150  feet  an  increase  of  stress  may  be  added  by  a  percentage 

_  (150  X  dead  load  strain  _  ^^     According  to  this,  there- 
V.      Total  max.  strain  J  ® 

fore,  we  can  strain  the  flange  as  high  as  13,000  lbs.  per  square 

inch,  an  excess  of  20  per  cent,  over  what  Mr.  Morison,  Engineer 

of  the  Bismarck  Bridge,  thought  permissible. 

Striking  as  this  difference  is,  an  application  to  the  520-foot 

span  in  the  C.  S.  R.  R.  gives  still  more  reason  for  reflection.    This 

span  was  designed  to  stand  a  rolling  load  ^  to  2000  lbs.  per  lin. 

ft.;  its  dead  load  is  some  5500  lbs.    "A"  for  all  bottom  flanges 

=  7500  (l  +  y-g^)    =  13,000  lbs.  per  square  inch.    As  the 

actual  specifications  limit  tensile  stresses  to  10,000  lbs.  per  square 
inch,  the  bottom  flange,  according  to  new  methods,  could  have 
been  made  30  per  cent,  lighter,  without  endangering  the  safety 
of  the  structure,  and  nearly  the  same  proportion  would  hold  good 
for  all  other  parts  of  this  truss.    By  Mr.  Cooper's  method,  our 

unit  stress  would  be  10,000  +  Q^9^j<^^  _  50  j    per    cent. 

=  16,000  lbs.,  making  the  flanges  60  per  cent,  lighter  than  they 
are.  It  is  hard  to  think  that  Mr.  Cooper  would  sanction  such  an 
unit  —  f  of  the  elastic  limit,  especially  as  his  formula  is  an  arbi- 
trary one. 
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These  few  applications  are  enough  to  show  how  badly  we  need 
additional  experiments  on  a  large  scale,  for  Wohler  by  no  means 
drained  the  well  of  truth  dry. 


XVII. 

THE  BEHAVIOR  OF  TWO  BRICK  ARCHES. 

By  J.  FoSTEB  CBOWBliL,  Active  Member  of  the  Club. 
Bead  November  21«i,  1885. 

The  correct  proportioning  of  an  elementary  arch  in  masonry, 
involving  only  simple  static  principles  and  the  character  of  mate- 
rial, should  not,  and  generally  does  not,  present  difficulties  to  the 
engineer;  even  the  neophyte  feels  more  at  home  in  this  field  than 
in  many  others,  and  is  quite  ready  when  occasion  offers  to  pro- 
ceed with  confidence.  The  data  from  noteworthy  examples  are 
readily  obtainable,  and  there  is  no  lack  in  the  literature  of  the 
subject.  But  notwithstanding  the  comparative  ease  and  certainty 
with  which  the  design  can  be  prepared,  its  fulfilment  in  the  com- 
pleted structure,  is  often  far  from  satisfactory. 

Not  to  refer  1x)  actual  failure  (and  we  need  not  allow  our 
thoughts  to  roam  very  far  to  recall  such  instances),  partial  crip- 
pling, deformation  that  offends  the  eye,  and  perhaps  arouses  ap- 
prehension, an  unsightly  crack,  uneven  settlement,  one  or  all 
often  mar  the  effect  of  strength  and  symmetry  which  the  designer 
sought  to  produce. 

The  function  of  the  engineer  is  not  generally  limited  to  the 
design;  the  construction  and  the  finishing  of  the  work  should  be 
his  also,  and  it  therefore  is  essential  to  his  success  in  work  of  the 
character  under  discussion  that  he  should  consider  well  the  build- 
ing of  the  arch,  and  that  the  successive  steps  in  its  progress 
should  be  intelligently  directed  and  not  entrusted  in  its  detail, 
either  to  the  contractor,  who  is  unfortunately  too  often  more  con- 
cerned with  the  percentage  of  profit  than  to  the  perfection  of  his 
masonry,  or  to  the  average  inspector  who,  though  generally  faith- 
ful and  honest,  is  seldom  competent  to  deal  with  the  weightier 
matters  of  the  physical  law. 


> 
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Such  supervision  on  the  part  of  the  engineer  requires  not  only 
experience,  but  a  certain  deftness,  which  is  its  twin  brother;  he 
can  not  find  the  knowledge  in  the  printed  books,  or  at  least,  not 
all  that  he  needs.  But  it  seems  to  rae  that  a  work  which  is  done 
is  a  book  in  itself,  and  if  there  are  sermons  in  stones,  there  may 
be  writings  in  bricks ;  so  I  will  venture  to  read  something  out  of 
two  brick  arches,  60  ft.  and  50  ft  span,  erected  about  two  years 
ago. 

They  were  in  different  localities,  but  are  brought  together  here 
for  comparison. 

The  60-ft.  arch  was  built  first — it  spanned  a  street,  and  was  de- 
signed to  carry  a  railway  embankment,  9  ft.  in  depth  over  the 
crown  of  the  arch.  The  principal  dimensions  were,  clear  span  at 
skew-backs,  60  ft.;  rise,  12  ft.;  length  of  cylinder,  48  ft;  thickness 
of  arch,  34  inches  in  eight  rings,  excepting  under  the  parapet 
walls,  where  the  uppermost  ring  was  omitted.  The  abutments, 
skew-backs,  wing-walls,  parapet  and  backing  were  of  sandstone, 
the  arch  only  being  of  brick. 

It  being  necessary  to  keep  the  street  open  for  travel,  the  centres 
were  framed  with  care :  had  five  lines  of  vertical  supports  stepped 
on  heavy  sills,  with  double  wedges  under  each  post.  After  being 
adjusted  with  great  nicety,  tell-tales  were  placed  on  every  post, 
and  on  all  the  rows  transversely,  so  as  to  detect  any  settlement  of 
the  centres.  [None  occurred.]  The  arch  was  very  carefully 
turned,  in  separate  rings  but  bonded  where  courses  coincided, 
which  were  caught  up  and  keyed  out  on  the  back  with  slate.  All 
the  material  used  was  of  excellent  quality.  The  work  was  per- 
formed  at  a  very  favorable  season,  and  by  skillful  men  under  con- 
stant  inspection  and  careful  supervision — in  due  time  it  was  com- 
pleted, the  backing  well  carried  up  and  built  into  the  abutment, 
and  the  earth  embankment  placed  evenly  in  layers  to  within 
about  6  ft.  of  grade.  At  this  time,  which  was  about  two  weeks 
after  the  arch  was  keyed,  the  centres  were  slightly  slacked,  and 
no  settlement  was  observable  in  the  arch. 

The  centres  had  been  placed  three  inches  (3'')  high  at  the 
middle  to  allow  for  contemplated  shrinkage  of  joints,  but,  owing 
perhaps  to  the  very  thorough  workmanship  and  tight  keying, 
the  arch  remained  stationary :  there  was  already  so  much  load 
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on  it  that  it  was  thought  safe  to  cary  up  the  spandrel  walk  and 
parapet  to  the  full  height,  and  there  were  still  no  signs  of  settle- 
ment. The  centres  were  then  removed  for  the  reason  that  they 
were  to  be  re-framed  and  used  for  the  50-ft.  arch.  The  coping 
was  set  on  the  parapet,  and  the  embankment  brought  nearly  up 
to  grade. 

To  all  appearance  the  structure  was  reasonably  perfect.  A  few 
days  afterwards  a  heavy  rain  storm,  the  first  for  a  long  interval, 
set  in,  thoroughly  saturating  the  earth-filling,  and  soaking 
through  into  the  still  green  masonry.  The  next  day  I  received 
a  telegram  from  my  assistant,  saying:  '^The  Shawmont  arch  is 
falling.  C!ome  at  once."  I  found  the  inner  ring  of  brickwork 
along  the  whole  length  of  the  northern  skew-back  badly  crushed; 
about  one  brick  in  every  five  had  returned  to  its  dust.  This  being 
in  plain  sight  from  the  street,  there  was  quite  a  local  panic,  and  it 
looked  very  bad  for  the  arch.  But  there  was  not  a  crack  in  the 
whole  soffit,  not  a  joint  had  opened,  and  the  curve  was  perfectly 
true.  There  was  no  failure  of  brick  on  the  southern  skew-back, 
and  I  soon  felt  satisfied  that  the  crushing  was  due  to  the  joints 
of  the  inner  ring  being  closer  than  those  of  the  others.  I  at 
once  put  masons  to  work,  cutting  out  the  crushed  bricks  and  driv- 
ing in  sound  ones  in  their  place,  and  partly  unloaded  the  earth 
as  a  prudential  measure,  although,  as  it  turned  out,  that  was  not 
necessary.  The  second  course  of  brick  was  intact  wherever  dis- 
closed by  the  workmen,  and  no  further  settlement  took  place. 
The  skew-back  was  not  injured,  excepting  in  the  extreme  end, 
where  it  was  slightly  spawled.  An  accurate  measurement  (see 
Plate  I)  of  the  intrados  showed  that  the  arch  had  come  down 
to  within  J  of  an  inch  of  its  intended  rise,  and  no  part  of  the 
curve  varied  more  than  one  inch  from  the  true  circle.  But  as 
the  courses  of  the  spandrel  and  parapet  had  been  set  level,  of 
course  they  were  now  curved  downward,  and  it  was  necessary  to 
re-set  a  portion  of  them.  The  abutments  had  not  yielded:  the 
embankment  was  afterwards  raised  to  its  full  height  without  any 
further  subsidence. 

Meanwhile  the  other  arch  was  being  built.  It  was  in  general 
like  the  first  one,  but  had  a  rise  of  12  ft.  in  50,  and  was  built'  on 
a  skew  of  17®. 
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The  bricks  were  laid  in  spiral  joints  with  saw-teeth  skew-backs. 
(See  Plate  II,  Figs.  1  and  2.)    As  there  seems  to  be  a  reluctance 
in  many  quarters  to  use  spiral  joints,  due,  I  think,  chiefly  to  the 
mistaken  idea  that  they  are  more  troublesome,  I  will  so  far 
digress  as  to  describe  the  modus  in  this  case.    The  intrados  is  a 
segment  of  a  right  cylinder,  intercepted  by  two  parallel  planes 
making  an  angle  of  17^  with  a  line  passing  at  right  angles 
to  the  abutments,  and  the  axis  of  the  cylinder.    The  lines  of  the 
joints  which  extend  in  the  same  general  direction  as  the  abut- 
ment, are  helices.    (Plate  III,  Fig.  1.)    We  can  conceive  a  helix, 
to  be  described  on  the  surface  of  a  cylinder  by  a  point  at  the 
outer  extremity  of  a  radius  normal  to  that  surface,  revolving 
about  the  axis  of  the  cylinder  at  a  uniform  rate,  and  advancing 
along  the  axis  at  a  rate  also  uniform;  the  ratio  of  the  two  rates 
will  be  the  order  of  the  helix,  and  the  lateral  projection  of  the 
angular  motion  at  any  point  will  be  the  sine  of  the  inclination  of 
the  radius  vector  from  its  initial  position.    If  then  by  develop- 
ing the  surface  of  the  skew  cylinder,  and  laying  down  a  line 
normal  to  the  developed  margins,  passing  through  the  middle 
point  of  the  surface,  and  then  giving  the  horizontal  projection 
of  that  line  its  true  position  on  the  plan,  we  can  readily  deduce 
an  expression  for  the  position  of  any  point  of  the  helix  in  rec- 
tangular terms  of  its  proportionate  motion  parallel  to  the  axis, 
and  the  sine  of  the  corresponding  angle  of  revolution.    A  straight 
horizontal  line  lying  in  a  vertical  plane  cutting  the  cylinder  at 
the  points  a  and  6,  (Plate  III,  Fig.  2)  can  be  expressed  in  terms  of 
the  parallel  motion  and  the  sine  of  the  total  angle.    It  therefore 
follows  that  the  horizontal  distance  between  the  position  of  a 
point  on  the  helix  and  the  vertical  plane  passed  through  three 
points  of  the  helix,  measured  at  right  angles  to  the  axis  of  the 
cylinder,  will  be  proportional  to  the  sines  of  the  angles  of  revolu- 
tion.   And  if  oc  represent  the  angle  of  revolution  made  by  the  ra- 
dius vector  in  parsing  from  a  to  6,  and  R  the  radius  of  cylinder, 
then  the  distance  from  the  vertical  plane  to  the  point  midway  is 

equal  to  (sin.  -^ k-  )  R.    And  the  ordinate  at  the  midway 

point  =  r  sin.  ^  —  ?1^^     R  X  cos.  of  skew  angle. 
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In  laying  out  the  work  it  is  only  necessary  to  fix  on  the  centres 
the  points  a  and  b,  and  place  a  transit  instrument  in  their  verti- 
cal plane.  The  calculated  distances  for  the  middle  spiral  can 
then  be  readily  set  off.  All  the  spirals  are  equi -distant  and  of 
the  same  order.  The  transit  need  not  be  used  except  for  the 
middle  one,  but  it  is  better  to  use  it  throughout,  and  for  brick- 
work the  delineated  spirals  should  correspond  to  every  tenth 
course,  to  get  good  lines.  In  this  case  they  were  chalked  directly 
on  the  lagging  of  the  centres  and  closely  adhered  to.  The  saw- 
teeth skew-backs  are  illustrated  in  Plate  II.  Because  of  difficulty 
in  securing  stone  sufficiently  large,  they  were  made  to  intercept 
only  four  spiral  courses.  At  one  end  they  are  of  the  normal 
shape,  the  other  extends  into  the  soffit  the  width  of  four  courses. 
Care  was  taken  to  ease  away  the  extreme  projection,  so  as  to  avoid 
overstraining  the  stone,  which  is  of  course  weakest  there,  and  to 
throw  the  pressure  on  to  the  outlying  bricks.  All  skew-back 
stones  were  cut  to  one  pattern,  excepting,  of  course,  two  comer- 
stones,  whose  faces  are  reversed. 

A  plaster  model  of  the  stone  was  made  to  scale,  and  the  brick 
courses  drawn  in  red  lines,  shown  on  it,  and  full  size  templates 
given  to  the  contractor.  Before  beginning  the  work,  however,  it 
was  necessary  for  both  him  and  his  foreman  to  see  an  actual  ex- 
ample of  this  form  of  construction,  which  was  found  under  the 
New  York  approach  to  the  Brooklyn  Bridge.  After  the  experi- 
ence with  the  sixty-foot  arch,  I  was  quite  concerned  lest  a  similar 
occurrence  should  take  place  in  the  skew-arch,  which  would  have 
been  fatal  to  the  saw-teeth.  The  centres  were  set  2 J  inches  high 
at  the  middle,  and  I  hardly  hoped  to  avoid  some  shrinkage  at 
least.  While  revolving  the  subject  in  my  mind,  it  occurred  to 
me  that  the  backing  in  the  spandrel  filling  could  be  called  into 
requisition  to  distribute  a  considerable  amount  of  the  thrust  in 
the  arch,  and  relieve  the  skew-backs  materially.  Ordinarily  the 
back  is  made  of  rough  stone,  and  there  is  not  much  opportunity 
to  form  a  union  with  the  arch  member  save  by  friction.  I  there- 
fore determined  to  employ  bar  iron  to  form  a  bond,  using  bars 
3"  X  f "  and  about  18  inches  long,  built  into  the  brickwork  and 
projecting  into  the  backing,  which  was  afterwards  carefully  built 
around  them  and  the  whole  wedged  firmly. 
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These  bars  were  used  well  up  over  the  haunches  of  the  arch. 
After  the  brick  and  backing  were  completed,  they  were  allowed 
to  remain  a  few  days  before  the  earth  embankment  was  placed 
up  to  grade  over  as  much  of  the  width  of  the  arch  as  possible. 
Then  the  centres  were  slacked  at  the  middle  but  kept  tight  under 
the  haunches  and  at  the  skew-backs.  No  settlement  took  place. 
After  two  weeks  the  wedges  were  struck  under  the  haunches, 
when  the  arch  subsided  f  of  an  inch  at  the  crown.  The  parapets 
were  then  built  up  and  finished,  but  the  centres  were  kept  tight 
against  the  skew-backs  for  several  months;  when  finally  removed 
there  was  no  further  settling,  and  no  crack  or  opening  of  any 
kind  in  the  whole  structure. 

I  have  endeavored,  in  this  presentation  of  the  subject,  to  answer 
a  very  worn-out  question  without  propounding  it,  or  rather 'to  let 
these  facts  answer  it.  I  think  that  they  establish  certain  truths 
which  can  be  formulated  as  follows: 

1st.  That  the  centres  should  be  left  under  an  arch  as  long  as 
possible.  That  they  should  not  be  struck  until  the  whole  contem- 
plated dead  load  has  been  carried  for  several  weeks,  dependent 
on  the  season,  and  that  they  should  be  first  slacked  under  the 
middle  of  the  arch,  and  kept  tight  under  the  haunches,  until  it  is 
absolutely  necessary  to  remove  them  or  until  they  rot. 

2d.  That  the  allowance  for  shrinkage,  if  proper  care  be  used, 
need  not  be  nearly  so  great  as  is  usual  and  as  was  here  adopted ; 
in  the  first  case  it  was  unnecessarily  large,  because  crushing  be- 
gan before  the  aroh  had  reached  its  intended  permanent  position, 
while  in  the  second  case  the  total  settlement  was  actually  only 
about  ^  of  the  allowance.  The  limits  and  scope  of  this  paper  will 
not  allow  me  to  more  than  touch  on  the  matter  of  shrinkage.  Its 
degree  is  mainly  a  question  of  the  setting  quality  of  the  cement 
used,  but  the  element  of  the  time  consumed  in  building  also  en- 
ters. In  these  days  of  insane  hurry,  and  especially  in  our  own 
country,  the  engineer  has  little  opportunity  to  make  haste  slowly. 

When  time  and  care  have  been  expended,  however,  a  marked 
diminution  of  shrinkage  has  been  obtained.  As  an  instance,  I 
could  quote  the  case  of  the  massive  tower  of  the  Produce  Ex- 
change, in  New  York,  which  is  upwards  of  200  feet  in  height, 
and  supports  an  immense  load  on  its  many  intermediate  floors. 
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For  the  first  100  feet  above  its  foundations,  three  of  its  sides  are 
of  brickwork,  while  the  fourth  is  of  cast-iron,  and  consequently 
unyielding. 

The  entire  shrinkage  of  the  former  has  not  been  perceptible,  as 
stated  by  the  architect,  Mr.  Post,  and  the  reason  he  gave  was  that 
he  had  caused  it  to  be  built  very  slowly. 

To  return  to  the  immediate  subject — it  might  be  asked  whether 
the  great  diflTerence  in  the  shrinkage  of  the  two  arches  can  be 
attributed  entirely  to  the  difference  in  treatment.  I  think  not. 
The  comparison  is  not  quite  equal,  because  the  60-foot  arch  car- 
ries more  load  per  foot,  and  besides  being  flatter,  the  pressure  per 
square  foot  on  the  brick  ring  is  considerably  greater.  It  is  not 
possible  to  accurately  determine  what  proportion  of  the  gross  load 
is  transmitted  directly  by  the  brick  ring;  in  the  60-foot  arch  a 
larger  share  is  thus  taken  than  in  the  50-foot  arch. 

Theoretically  the  sum  of  the  entire  dead  and  moving  load 
would  produce  a  resultant  pressure  of  nearly  15  tons  per  square 
foot  on  the  ring  at  the  skew-backs,  in  the  first  instance,  and  about 
12  tons  in  the  second,  making  factors  of  safety  respectively  6  and 
8,  taking  the  results  of  Mr.  McArthur's  tests  of  cement  brick- 
work for  ultimate  crushing  strength,  but  the  actual  working 
stress  is  undoubtedly  materially  reduced  by  the  supporting 
power  of  the  backing  near  the  abutments. 


XVftl. 


ENGINEERING;  ITS  ACHIEVEMENTS  AND  ITS  REWARD. 

By  G.  W.  BucHHOLZ,  Active  Member  of  the  Club. 
Bead  December  bth,  18S5. 

Professor  Reuleux  read,  about  a  year  ago,  before  the  Oewerbe- 
Verein  in  Vienna,  a  very  interesting  paper,  entitled:  " KulMir  und 
Technikf'*  of  the  beginning  of  which  the  following  is  almost  a 
literal  translation.     He  says: 

"  In  taking  a  broad  view  over  the  present  condition  of  culture 
in  this  world  of  ours,  we  cannot  fail  to  see  what  an  all  important 
influence  is  exerted  by  technical  skill  based  upon  scientific  prin- 
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ciples,  and  as  practiced  in  our  days.  No  one  can  ignore  how  it 
has  helped  us  to  accomplish  incomparably  more  material  pro- 
gress than  was  possible  to  mankind  a  few  hundred  years  ago — 
be  it  in  the  domain  of  rapid  transportation  of  passengers,  or  of 
heavy  cargoes  by  land  or  sea ;  be  it  in  the  tunneling  of  great 
mountains,  in  the  boring  of  deep  mines,  or  in  the  ascending  high 
in  the  air;  be  it  in  sending  with  lightning  rapidity  our  thoughts 
around  the  earth,  or  in  transmitting  our  voice  for  hundreds  of 
miles  across  the  country ;  be  it  on  the  one  hand  to  control  the 
mightiest  forces  and  to  compel  them  to  do  us  mechanical  service, 
or  be  it  to  utilize  on  the  other  hand  the  most  subtle  processes  of 
nature,  elements  of  the  material  world  so  delicate  and  fine  that 
they  almost  escape  ordinary  observation. 

"  Everywhere  in  our  modern  life,  here,  around  us,  upon  us,  with 
us,  and  near  us,  wherever  we  go,  technical  science  has  become 
our  busy  servant  and  companion,  in  ever  restless  activity,  the 
influence  of  which  we  never  really  appreciate  until  we  have  to 
do  without  its  assistance  for  ever  so  short  a  period.  All  this  is 
well  known,  and  has  become  almost  commonplace,  yet  it  appears 
to  me  that  it  is  not  so  thoroughly  established  as  it  should  be 
among  educated  people,  and  not  even  in  the  narrower  circles  of 
men  of  technical  training. 

"  The  world  does  not  as  yet  look  upon  technical  science  by  any 
means  as  the  great  lever  and  factor  of  culture,  which  it  really  is." 

The  Professor  then  goes  on  to  hint  at  the  probable  cause  of 
why  this  is  so,  but  he  does  not  advance  any  definite  reasons,  and 
he  refuses  to  deliver  a  panegyric  on  "Technic,"  or  "Engineering," 
as  I  will  call  it  hereafter,  for  the  latter  nowadays  embraces  nearly 
all  the  first  implies;  and  he  declines  to  demolish  by  his  facts  and 
logic  those  who  refuse  to  give  to  the  Arts  and  Sciences  the  long- 
hoped-for  acknowledgment.  He,  however,  very  ably  proves  and 
shows  what  the  true  position  of  Engineering  is  in  the  universal 
activity  towards  the  solution  of  the  great  problem  of  culture,  and 
he  very  clearly  points  to  the  methods  it  has  ever  pursued  since 
the  earliest  times. 

Now,  I  would  like  more  particularly  to  draw  the  attention  of 
the  Club  to  the  very  question  the  Professor  leaves  unanswered, 
but  which  seems  to  me  to  be  of  the  greatest  importance  to  every 
man  of  mechanical  training,  to  every  engineer  who  has  selected 
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his  profession,  not  in  order  to  maintain  a  precarious  and  humble 
existence,  but  rather  to  rise  above  his  fellow-men,  and  become  a 
distinguished  member  of  society ;  a  leader  of  progress,  as  well  as 
the  pioneer,  corresponding  to  his  higher  education  and  to  his 
responsible  and  arduous  duties.  Why  is  it  that  in  every  highly 
civilized  community  the  men  graduating  from  the  classical  de- 
partments of  universities  generally  at  once  take  a  higher  social 
position  than  those  coming  from  polytechnic  schools?  Why  is  not 
the  degree  of  Doctor  conferred  upon  the  engineer  as  well  as  upon 
the  lawyer,  the  physician,  and  the  preacher?  Why  is  it  that  all 
other  professions  have  far  outstripped  him  in  their  social  and 
political  influence  ?  Surely  the  engineer  has  done  much  more 
for  the  general  development  of  the  resources  of  our  mother  earth 
and  for  the  progress  of  mankind,  and  has  accomplished  much 
more  towards  making  "life  worth  living"  than  any  other  pro- 
fession, be  it  ever  so  classical  or  learned  in  the  laws,  in  medicine, 
or  theology. 

Leaving  out  of  consideration  the  temples,  and  palaces,  and 
public  buildings  erected  during  the  very  earliest  periods  of 
recorded  history  in  Eastern  and  Central  Asia,  whose  people,  al- 
though rich  in  poetry  and  culture,  have  remained  stationary  in 
technical  knowledge  for  many  centuries;  ignoring  pre-historic 
peoples  and  their  monuments,  and  beginning  our  review  with 
the  nations  bordering  on  the  Mediterranean,  we  find  there  the 
birth-place  of  the  engineer,  the  architect,  the  astronomer,  and  the 
mathematician.  Nearly  all  the  records  of  primitive  times  chron- 
icle little  else  but  deeds  of  heroism  during  everlasting  wars  be- 
tween different  tribes  and  nations,  and  it  is  to  be  presumed  that 
the  first  employment  for  the  engineer  must  have  been  with  their 
armies,  making  roads  and  building  crude  fortifications.  Mechan- 
ics and  craftsmen  of  all  kinds  were  very  scarce,  and  it  is  no  won- 
der, as  Homer  tells  us,  that  the  great  Ulysses  himself,  the  hero 
and  chief  of  a  nation,  had  to  construct  with  his  own  hands  the 
ships  he  sailed  in,  and  had  to  design  and  execute  in  person  the 
decorations  of  his  palace.  But  as  the  savage  spirit  of  perpetual 
war  somewhat  subsided,  and  as  commerce  increased,  and  as  navi- 
gation began  to  be  better  understood,  it  soon  became  necessary 
to  improve  the  natural  shelter  of  harbors  by  artificial  means; 
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and  to  the  Phoenicians,  probably,  belongs  the  credit  of  employing 
the  first  civil  engineer  to  construct  the  celebrated  and  ancient 
harbors  of  Sidon  and  Tyre.  This  enterprising  people,  as  long 
ago  as  1280  years  before  our  era,  passed  the  Straits  of  Gibraltar 
in  their  ships,  and  founded  the  port  of  Cadiz,  where  they  erected 
docks  and  large  warehouses  to  accommodate  the  goods  of  the 
then  known  world. 

Egypt,  another  country  of  the  greatest  antiquity,  deserves  un- 
doubtedly the  credit  of  being  the  cradle  of  all  science,  and  of 
nursing  it  with  the  greatest  care.  Greece  drew  all  her  knowledge 
from  there,  and  it  must  be  admitted  that  a  great  amount  of 
modern  engineering  skill  had  its  origin  on  the  banks  of  the  Nile; 
2300  years  B.C.  a  king  of  Egypt  changed  the  course  of  the  Nile 
from  the  foot  of  the  sandy  mountain  on  one  side  through  the 
centre  of  its  valley,  by  constructing  new  and  deep  channels  and 
several  canals.  By  this  simple  method  he  reclaimed  thousands 
of  acres  of  marshes,  raised  the  surrounding  low  lands  by  filling 
with  the  material  excavated,  until  it  was  above  the  annual  inun- 
dations of  the  river,  and  thereby  enabled  his  successor  to  build 
large  cities  with  safety  upon  sites  thus  raised  above  the  floods. 
Each  successive  monarch  improved  and  continued  the  construc- 
tion of  canals  and  storage  lakes,  until  the  whole  valley  of  the  Nile 
became  the  most  fertile  and  prosperous  country  on  the  face  of  the 
earth,  and  4000  years  of  misrule  and  fanaticism  have  been  un- 
able to  this  day  to  destroy  the  results  achieved  by  the  system  of 
drainage  and  irrigation  as  founded  by  King  Mines  and  his  engi- 
neers. The  construction  of  the  pyramids,  obelisks,  sepulchres  and 
magnificent  temples,  especially  those  of  Isis  and  Serapis,  together 
with  other  innumerable  monuments  of  antiquity,  was  perhaps 
the  joint  effort  of  the  engineer  and  architect,  although  it  is  most 
likely  in  those  early  times  the  two  professions  were  not  divided 
as  they  are  to-day,  and  they  are  still  depending  more  or  less  upon 
each  other  for  success. 

The  inscriptions  upon  nearly  all  these  proud  remains  of  ancient 
skill  show  conclusively  that  the  chisel,  the  mallet,  and  nearly  all 
the  tools  as  used  in  our  present  time  for  the  quarrying  and  dress- 
ing of  stone,  were  known  to  the  old  Egyptians,  and  it  is  marvel- 
ous to  contemplate  how  thoroughly  the  principles  of  the  lever 
vou  v.— 15. 
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must  have  been  understood  by  them,  in  order  to  move  for  many 
miles  from  the  distant  quarries,  and  raise  to  great  heights,  the 
enormous  masses  of  stone  used  in  their  construction. 

The  great  development  and  the  high  cultivation  of  the  sciences 
and  arts  rapidly  increased  a  taste  for  luxury  and  ease,  and  natur- 
ally destroyed  the  warlike  spirit  of  the  people  of  Egypt.  They 
were  in  turn  conquered  and  oppressed  by  the  Greeks  and  the 
Romans,  but  the  material  progress  founded  by  their  engineers 
upon  the  laws  of  nature,  then  just  dawning  upon  the  brightest 
minds,  could  not  be  suppressed;  the  conquerors  became  the 
pupils  of  their  slaves,  and  both  the  Greeks  and  the  Romans 
carried  their  newly  acquired  knowledge  home  with  them,  en- 
larged upon  it,  and  used  it  with  skill  and  energy,  so  that  the 
then  known  world  was  rapidly  changed.  Wherever  the  conquer- 
ing arms  of  the  Romans  were  carried,  through  Gaul  into  Ger- 
many, and  over  to  Britain,  through  Greece  into  Asia  Minor,  and 
India,  to  the  very  gates  of  Cathay,  the  engineer  followed  and 
often  led  the  way.  Without  his  assistance  and  skill  it  would 
have  been  impossible  for  the  Romans,  in  spite  of  their  disciplined 
courage  and  their  great  administrative  ability,  to  keep  together 
for  so  long  a  period  the  vast  incongruous  empire  they  founded. 
The  magnificent  highways  constructed  by  their  engineers,  the 
artificially  improved  and  well  defended  harbors  selected  by  them, 
the  temporary  but  very  effective  defences  thrown  around  their 
camps,  the  strong  walls  and  deep  moats  they  built  around  their 
outlying  fortifications  in  distant  provinces,  and  the  enormous 
engines  of  war  for  defence  and  offence,  invented  and  brought  into 
practical  use  by  their  mechanics,  enabled  the  consuls  and  em- 
perors of  Rome  to  move  and  concentrate  their  legions  with  great 
rapidity,  and  to  hold  far  away  settlements  of  importance  for 
many  months  against  the  fierce  attacks  of  barbarians,  until  assist- 
ance could  be  brought  forward  from  the  centre  of  life  and  energy 
at  Rome.  Besides  the  constant  activity  of  the  military  engineer, 
for  Rome  was  rarely  without  a  great  war  on  its  hands,  the  civil 
engineer  was  never  idle  during  the  many  centuries  of  Rome's 
glory.  The  whole  empire,  as  it  existed  during  the  reign  of  the 
Antonii,  bore  witness  of  the  scientific  knowledge,  and  genius,  and 
energy  of  its  engineers.     Not  only  in  Italy,  but  also  in  every 
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conquered  province  from  the  Atlantic  Ocean  to  the  borders  of 
India,  from  the  Baltic  Sea  to  the  Sahara  Desert,  the  engineer  of 
that  period  has  left  great  monuments  to  attest  his  skill  and  fer- 
tility  of  mind.  The  many  miles  of  costly  aqueducts  scattered  all 
over  the  Empire,  the  innumerable  public  and  private  baths 
located  in  every  city  founded  by  the  Romans,  the  immense 
amphitheatres,  the  magnificent  temples  and  palaces,  the  hand- 
some and  numerous  stone  bridges,  some  of  them  unrivalled  in 
their  magnitude  even  in  modern  times,  the  great  network  of 
canals  for  the  uses  of  irrigation  or  navigation,  often  cut  through 
mountains  without  the  use  or  knowledge  of  any  explosives — all 
of  these  stupendous  w^orks  constitute  the  imperishable  evidence 
of  the  important  part  the  engineer  has  always  played  in  advanc- 
ing material  prosperity  and  civilization. 

Of  all  the  great  engineers  that  must  have  existed  during  these 
ancient  times,  Archimedes,  of  Syracuse,  was  probably  the  greatest 
mechanic;  he  is  at  least  one  of  the  few  men  of  that  type  of  whom 
we  know  anything  definite.  Everyone  is  familiar  with  the  won- 
derful defense  of  his  native  city,  as  conducted  by  himself  by 
means  of  his  mechanical  engines  of  war,  until  he  was  slain  at  the 
age  of  78  by  a  common  soldier,  during  a  successful  assault  of  the 
Romans.  He  is,  above  all  others,  the  one  man  who  laid  the 
foundation  of  scientific  research,  the  prosecution  and  improve- 
ments of  which  are  the  boast  of  the  present  day ;  but  especially 
celebrated  is  his  treatise  on  the  principles  of  hydrostatics,  which 
he  studied  during  his  travels  in  Egypt,  and  upon  which  are 
erected  all  the  theories  of  hydro-dynamics  and  hydraulic  archi- 
tecture, as  practiced  by  the  engineers  of  Italy  and  France  after 
the  Renaissance. 

During  that  long  period  of  the  Dark  Ages,  from  the  downfall 
of  the  Roman  Empire  to  the  beginning  of  the  17th  century,  the 
civil  engineer  can  hardly  be  said  to  have  existed ;  brutal  igno- 
rance and  mental  darkness  took  again  possession  of  the  earth, 
nations  were  again  annihilating  and  exhausting  each  other  by 
constant  wars,  and  every  tyrant  and  religious  fanatic  seemed  to 
be  bent  upon  destroying  what  his  ancestors  had  created  for  the 
benefit  of  mankind.  The  Sciences  and  Arts  were  only  partly 
preserved,  and  only  practiced  in  secret,  either  by  a  few  monks 
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superior  to  their  kindred,  or  by  the  Free  Masons,  the  Brothers  of 
the  Bridge," and  a  few  other  secret  societies. 

To  Rome  belongs  the  glory  of  having  accomplished,  by  her 
enterprise  and  knowledge,  more  than  any  other  nation  of  antiq- 
uity for  the  development  of  the  resources  of  our  globe,  and  to 
Italy  belongs  the  credit  of  reviving  culture,  the  Sciences  and  the 
Arts,  after  the  religious  bigotry  that  kept  men's  minds  in  bonds 
had  been  challenged  and  attacked  by  the  liberty  loving  people 
of  northern  Europe.  It  may  be  said  that  the  civil  engineer  re- 
appeared about  the  middle  of  the  17th  century,  when  it  became 
necessary  to  drain  the  marshes  and  submerged  lands  of  Italy. 
Many  eminent  writers  on  philosophy  and  mathematics  arose 
about  that  time,  and  the  sound  theories  they  established,  gave  a 
new  and  better  light  for  practical  work  to  the  engineer  and 
mechanic.  Galileo  and  Descartes  were  the  great  teachers  of  that 
period,  and  made  rapid  advances  in  the  true  understanding  of 
the  forces  of  nature.  Since  the  time  of  Archimedes,  the  theory 
of  equilibrium  had  been  understood  and  practiced,  but  Galileo 
taught,  and  explained,  and  believed  in  his  theories  of  motion, 
and  Descartes  made  complicated  problems  and  tedious  calcula- 
tions soluble  and  comparatively  easy  by  the  introduction  of  al- 
gebra. Ever  afterwards  and  up  to  the  present  time,  progress, 
especially  in  mechanical  engineering,  has  been  constant,  and 
within  the  last  hundred  years,  enormous. 

When  in  the  beginning  of  the  last  century,  England  fiirnished 
a  Newton,  and  Germany  a  Leibnitz,  to  teach  the  true  principles 
of  dynamics  and  of  pure  mechanics,  the  minds  of  practical  en- 
gineers were  prepared  and  ready  to  utilize  their  knowledge,  and 
apply  it  successfully  to  the  steam  engine,  invented  by  James 
Watt. 

It  can  hardly  be  said  that  the  civil  engineer  was  known  in 
England  and  France  until  the  beginning  of  the  last  century.  The 
celebrated  school  of  PorUs  et  Chausees  was  established  in  France 
about  the  year  1720,  and  from  it  have  since  graduated  some  of  the 
greatest  mathematicians  of  Europe,  and  many  able  and  practical 
engineers.  England,  although  she  had  produced  a  few  engineers 
of  eminence  in  the  construction  of  canals,  and  harbors,  and  light- 
houses, never  gave  evidence  of  all  the  technical  skill  that  lay 
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dormant  among  her  people  of  sailors,  merchants,  and  country 
squires,  until  the  steam  engine  was  introduced  in  some  of  her 
factories.  But  then  her  progress  was  rapid,  and  her  increase  of 
manufactories,  mining  industries  and  commerce,  grew  to  such 
enormous  dimensions  within  a  hundred  years,  that  she  not  only 
outstripped  in  influence  and  power  all  the  other  nations  of  Europe, 
but  made  the  magnitude  of  Rome  in  her  proudest  days  seem  in- 
significant compared  to  the  wealth,  and  learning,  and  strength  of 
the  British  Empire. 

The  power  of  steam,  and  its  application  to  the  manufacture 
of  iron,  and  to  the  production  of  every  article  of  luxury  and  ne- 
cessity that  enters  into  our  daily  wants,  has  produced  a  far  reach- 
ing revolution,  not  only  in  trade  and  commerce,  and  in  the  inter- 
course among  the  nations,  but  it  has  radically  changed  the  very 
thoughts  of  men,  until  there  is  a  larger  gulf  between  our  modern 
life  and  that  of  ancient  Greece  and  Rome,  than  there  was  between 
those  cultured  nations  and  the  wild  and  naked  hordes  of  the 
Scythian  desert. 

When  finally  the  immortal  Fulton  applied  steam  for  the  pro- 
pulsion of  vessels  through  the  water;  when  Stevenson  ran  his 
first  locomotive  engine  from  Liverpool  to  Manchester;  and  when 
Morse  applied  electricity  to  the  telegraph,  the  revolution  in  our 
mode  of  life  appeared  almost  completed,  and  man^s  power  over 
the  forces  of  nature  and  its  elements,  so  constantly  working 
against  him,  seemed  well  nigli  absolute.  The  human  mind 
would  be  overawed  by  the  results  of  its  own  achievements  were  it 
not  so  constituted  by  the  rapid  increase  of  physical  science  and 
the  accumulating  inventions  and  discoveries  of  mechanical  con- 
trivances and  natural  laws,  as  to  look  upon  every  new  improve- 
ment as  a  matter  of  course,  until  the  telephone,  and  the  electric 
light,  and  the  electric  engine  have  become  no  greater  wonder  to 
our  children  "than  the  cooking  of  a  dumpling,  although  the 
question  as  to  how  the  apples  got  into  it,  has  been  a  mystery  to 
some  minds." 

It  would  require  volumes  to  recite  with  anything  like  justice, 
the  enormous  works  executed  by  public  and  private  enterprise 
within  the  memory  of  living  men;  it  would  take  column  after 
column  to  record  the  names  of  eminent  mathematicians  and  en- 
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gineers  who  enlarged  the  scope  of  scientific  knowledge  and  car- 
ried it  into  practical  execution,  and  it  is  impossible  in  an  address 
so  limited  as  this  is  meant  to  be,  to  dwell  upon  these  interesting 
matters. 

Leaving,  therefore,  out  of  consideration  the  great  wealth  ex- 
pended within  less  than  a  century  by  the  nations  bordering  on 
the  Northern  Atlantic,  in  sanitary,  and  mining  and  military  en- 
gineering; on  the  improvements  of  harbors  and  the  construction 
of  steamships  and  docks;  on  the  development  of  cheaper  methods 
in  the  manufacture  of  iron  and  steel;  on  the  erection  of  immense 
establishments  for  supplying  water,  and  light,  and  clothing,  and 
hundreds  of  other  daily  necessities,  that  have  put  it  within  the 
reach  of  the  poorest  laborer  to  live  in  more  bodily  comfort  than 
the  well-to-do  citizen  of  antiquity — putting  aside  these  important 
enterprises  and  looking  only  upon  one  great  achievement  of 
modem  engineering,  the  construction  of  railroads  all  over  the 
known  world,  then  it  becomes  at  once  apparent  what  immense 
progress  we  have  made  in  technical  knowledge,  and  what  infinite 
benefits  mankind  has  derived  from  it. 

When  the  future  historian,  perhaps  Macaulay^s  New  Zealander, 
shall  chronicle  the  history  of  our  times,  this  generation  will  not 
become  celebrated  by  the  beauty  and  grandeur  of  its  architectu- 
ral remains,  nor  by  the  romance  and  sublimity  of  its  epic  poems; 
but  on  account  of  its  knowledge  of  natural  law,  of  its  technical 
ability,  of  its  practical  skill  in  engineering,  and  on  account  of  the 
comfort,  the  health,  the  freedom  and  the  enjoyment  that  these 
acquirements  have  brought  within  the  reach  of  the  humblest  of 
mankind. 

The  treasures  spent  by  the  ancients  during  long  centuries  of 
their  supremacy,  upon  temples  and  other  monuments  of  architec- 
ture, fade  into  utter  insignificance  when  compared  with  the  fab- 
ulous sums  of  money  expended  on  the  construction  of  railroads 
alone  within  the  last  fifty  years. 

Poor's  Manual  of  Railroads  for  1884,  gives  in  his  review  of  the 
year  1883,  for  the  United  States  alone,  a  mileage  of  110,414  miles 
of  railroad  completed  and  in  operation.  They  were  constructed 
at  a  total  cost  in  round  figures  of  $7,500,000,000,  and  the  gross 
earnings  of  that  one  year  amounted  to  $833,000,000  of  money,  a 
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sum  larger  than  the  revenues  of  the  British  Empire  and  the 
United  States  put  together.  All  this  vast  amount  of  wealth  has 
been  invested,  not  to  satisfy  the  vanity  of  some  great  General  or 
Emperor,  not  to  glorify  some  pagan  deity,  or  to  cater  to  the  taste 
of  a  turbulent  populace,  but  in  order  to  consolidate  a  great  and 
free  nation,  to  make  possible  the  daily  intercourse  of  a  people 
living  thousands  of  miles  apart,  and  to  exchange  freely  and 
rapidly  and  without  interruption,  the  products  of  their  labor. 

Surely  the  engineer  is  entitled  to  the  lion's  share  of  the  credit 
due  in  bringing  about  this  unparalleled  prosperity  of  the  country. 
From  his  brains  originated  all  the  designs  for  the  large  and  sub- 
stantial bridges  that  carry  our  highways  and  railroads  over  the 
largest  rivers,  and  thereby  overcome  the  barriers  nature  had  put 
there.  The  engineer  conceived  and  located,  and  he  supervised 
and  directed  the  host  of  laborers,  craftsmen  and  mechanics  that 
constructed  and  equipped  the  many  thousand  miles  of  railroads, 
that  made  the  rapid  development  of  this  country  possible.  Daily 
millions  of  people  trust  their  lives  and  fortunes  to  the  care  and 
skill  of  the  engineer,  to  his  ability  and  to  his  integrity — on  the 
decks  of  steamboats,  crossing  oceans  and  lakes,  and  ascending  and 
descending  rivers;  on  railroad  trains,  crossing  continents  with 
uninterrupted  rapidity;  in  our  palace  hotels,  and  in  public  halls, 
yes,  in  the  very  privacy  of  our  houses,  the  whole  community,  from 
the  lowest  to  the  highest,  is  constantly  at  the  mercy  of  the  en- 
gineer, and  any  neglect  on  his  part  would  at  once  be  the  cause  of 
a  great  calamity,  or  of  far  reaching  annoyance  and  inconvenience. 
Yet  with  all  this  responsibility  resting  upon  his  shoulders,  and 
often  overburdened  with  care  and  worry  brought  about  by  the 
dangers  of  wind,  and  fire,  and  water,  the  elements  that  constantly 
threaten  to  destroy  in  a  few  moments  what  he  had  so  carefully 
constructed  during  weeks  and  months  of  anxious  labor,  and  after 
years  of  honest  toil,  the  engineer  finds  his  reward  generally  in 
obscurity,  and  without  financial  success,  with  his  health  destroyed 
and  nothing  to  console  him,  save  the  proud  consciousness  of  hav- 
ing done  his  work  well  and  to  his  own  satisfaction. 

The  name  of  many  an  able  engineer  is  entirely  unknown,  until 
by  some  misfortune  and  accident,  or  perhaps  by  some  oversight 
of  his  own,  one  of  his  structures  fails  and  causes  the  loss  of  life 
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and  property;  then  he  becomes  at  once  a  public  character  and 
gets  to  be  notorious,  but  not  famous,  as  he  had  fondly  hoped  to 
be.  Every  school-boy  has  on  his  finger-ends  the  names  of  kings 
and  Caesars,  and  orators  of  Rome,  but  who  knows  the  name  of  the 
engineer  that  built  the  "  Appian  Way,"  or  the  "Aqua  Claudia?" 
Everybody  who  can  read  a  newspaper  is  familiar  with  the  names 
of  the  emperors,  generals  and  statesmen,  and  public  agitators  of 
England,  and  Germany,  and  France,  yet  there  are  but  few  men, 
even  in  the  profession,  that  can  call  by  name,  or  know  anything 
of  the  lives  of  the  men  who  built  the  London  and  Liverpool  docks, 
the  first  Thames  tunnel,  or  the  steamship  Great  Eastern;  of  the 
history  of  the  engineers  who  built  the  Mt.  Cenis  or  the  St.  Gothard 
tunnels?  I  am  afraid  able  and  scientific  engineers  in  this  coun- 
try are  not  much  better  known,  and  are  much  more  rapidly  for- 
gotten than  many  a  disreputable  politician.  The  construction  of 
our  Pacific  Railroads  have  ceased  to  be  wonders;  the  East  River 
Bridge,  the  most  stupendous  piece  of  work  ever  conceived  and 
completed,  is  used  by  the  public  with  the  same  indifference  as  a 
ferry  boat,  and  the  great  explosion  of  the  rocks  at  Hell  Gate,  a 
feat  of  engineering  skill  so  colossal  and  frightful  in  its  responsi- 
bility, was  forgotten  a  few  days  after  it  was  fired. 

One  would  naturally  suppose  that  the  construction  and  man- 
agement of  railroads  would  bring  the  engineer  prominently  to 
the  front,  but  such  is  not  the  case.  "Financiers"  and  "  business 
men,"  without  any  knowledge  whatever  for  the  position,  except 
their  judgment,  good  or  bad,  are  put  above  him,  and  his  techni- 
cal training  is  often  a  drawback  to  his  advancement. 

It  is  true  there  are  a  few  conspicuous  examples  of  railroads  in 
this  country  that  are  entirely  controlled  by  engineers,  and  1  need 
hardly  dwell  upon  the  good  result  obtained,  and  upon  how  much 
such  management  is  to  their  credit.  It  is  a  well-known  fact,  not 
only  to  railroad  men,  but  to  all  the  traveling  public,  that  the  rail- 
roads so  controlled  are  infinitely  superior,  especially  in  their 
physical  condition  and  equipment,  to  those  managed  by  men 
without  technical  training,  be  they  ever  so  able  and  energetic 
otherwise.  I  would  like  to  go  into  detail  upon  this  subject,  but 
the  natural  modesty  so  common  in  our  profession  bids  me  halt. 

It  is,  however,  a  constant  wonder  why  the  great  men  of  finance 
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and  those  who  by  their  investment  control  the  management  of 
railroads,  and  who  have  suffered  so  much  during  periodic  rail- 
road depression,  will  learn  nothing  from  experience,  and  will  not 
accept  the  evidence  of  successful  management  by  men  technically 
trained  for  that  purpose. 

I  think  that  nearly  every  engineer,  at  least  all  those  who  have 
devoted  their  time,  and  energy,  and  health  to  the  business,  will 
agree  with  me  about  the  subordinate  position  held  by  them, 
when  compared  with  the  other  professions  generally  called  clas- 
sical and  learned. 

If  this  is  admitted,  it  becomes  the  duty  of  everybody  to  look  for 
the  cause  and  to  go  to  work  and  find  a  remedy.  Perhaps  a  great 
many  engineers  neglect  business  habits  and  confine  themselves  too 
much  to  technical  questions ;  others  again  pay  no  attention  to 
culture  and  general  literature;  and  others  still  become  unpracti- 
cable  because  they  devote  all  their  time  to  pure  science  and  me- 
chanics, which  should  be  left  to  the  Professor.  But  I  believe  the 
majority  are  kept  so  constantly  down  to  the  ordinary  drudgery 
in  order  to  get  their  bread,  frequently  without  butter,  that  they 
lose  all  interest  in  study  and  fall  behind  their  more  fortunate 
neighbors.  I  have  no  doubt  some  blame  for  all  this  is  due  to  our 
Polytechnic  schools;  their  training  is  too  narrow  and  not  far 
reaching  enough  to  enable  its  graduates  to  cope  successfully  with 
the  ever  increasing  demand  made  upon  the  profession  both  in 
Culture  and  Technic. 

There  is  one  grand  remedy  for  this  evil  that  I  would  not  only 
suggest  but  urge  upon  all,  namely:  unity  of  action,  harmony 
among  ourselves,  and  mutual  support.  The  lawyers  give  us  a 
shining  example  in  that  direction.  I  have  come  in  contact  dur- 
ing my  career  with  many  eminent  men  in  that  profession,  and  I 
have  always  noticed  that  although  during  disputes  in  open 
court  or  before  a  master  they  frequently  are  full  of  wrath  against 
each  other,  and  spare  neither  satire  nor  innuendo  to  get  the  best  of 
their  opponent,  yet  outside  of  the  arena,  in  private  or  in  public, 
I  have  yet  to  hear  the  first  unkind  word,  derogatory  to  his  ability, 
spoken  by  one  attorney  against  another. 
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XIX. 


THE  GREATHEAD  SYSTEM  OF  FIRE  PROTECTION.  AND 
THE  PUBLIC  SUPPLY  OF  HYDRAULIC  POWER. 

By  Howard  Constable,  Active  Mpmber  of  the  Club. 
Bead  January  16tA,  1886. 

Gkntlemen  and  Fellow-Members  : 

I  have  had  occasion  recently  to  examine  in  person  and  re- 
port upon  these  two  allied  systems,  as  they  now  exist  abroad,  a 
description  of  some  of  the  plant  and  methods  of  operating  may 
interest  you,  and  perhaps  add  a  few  points  to  what  you  have 
already  heard,  concerning  these  very  successful  and  interesting 
enterprises  and  examples  of  modem  engineering  skill.  They 
have  not  been  as  conspicuously  set  forth  and  heralded  as  many 
other  enterprises,  nor  have  the  principles  of  the  sj^stems  received 
the  general  attention  they  deserve,  and  the  still  fuller  develop- 
ment they  are  capable  of.  However,  they  are  long  past  the  theo- 
retical and  experimental  stages  that  all  important  systems  must 
pass  through.  They  are  firmly  established  and  steadily  growing 
in  favor  with  the  users  of  power  and  the  promotors  of  legitimate 
enterprises.  I  think  the  use  of  hydraulic  power  has  not  ad- 
vanced as  rapidly  in  this  country,  simply  because  very  few  of  our 
enterprising  men  have  known  or  appreciated  fully  the  long  ex- 
perience abroad,  and  certain  kindred  experience  in  this  country 
which  latter,  while  also  quite  extensive,  has  been  curiously  incon- 
spicuous to  the  generality  of  people.  I  will  refer  to  this  and 
illustrate  it  further  on. 

The  Greathead  system  for  fire  protection  is  based  upon  the  well- 
recognized  principle  and  growing  practice  of  fitting  out  a  city 
with  a  large  number  of  well  located  fire  hydrants,  which  need  but 
to  be  opened  in  order  to  instantly  furnish  a  good  fire  stream,  and 
thus  extinguish  a  neighboring  fire  before  it  has  gained  uncon- 
trollable headway.  This  is  known  as  a  "  Hydranted  City,"  and 
the  principle,  as  expressed  by  an  underwriter,  is,  "that  any  fire 
could  have  been  put  out  at  some  time  with  a  cup  of  water."  The 
loss  by  fire  from  1880  to  1882,  in  Glasgow,  Manchester  and  Dub- 
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lin,  has  been  put  at  925  against  2,725  in  London,  Paris  and  New 
York  (which  are  unhydranted  cities),  or  about  thirty-four  per 
cent,  in  favor  of  the  hydranted  cities.  It  has  been  stated  by  Mr. 
Bateman,  that  the  proportion  of  the  property  at  risk,  damaged 
by  jBre  or  water,  in  Manchester,  under  the  system  of  high  pressure 
hydrants,  up  to  and  including  1878,  has  been  reduced  to  one- 
seventh  of  what  it  was  before  the  introduction  of  the  hydrant 
system.  Certainly  a  most  wonderful  result,  and  indicates  a  sys- 
tem most  desirable  as  an  auxiliary  to  the  fire  department,  espe- 
cially in  crowded  cities  with  narrow  streets,  where  the  access  for 
engines  is  so  difficult  that  a  small  fire  becomes  a  great  conflagra- 
tion before  they  can  get  the  engines  into  position  and  throw  a 
single  stream  upon  it.  The  fire  department,  with  its  present 
methods,  is  essential  for  great  cities;  but  there  are  some  condi- 
tions it  cannot  overcome,  and  it  welcomes  this  new  assistant,  the 
"high  pressure  fire  plug."  But  in  order  to  secure  this  valuable 
friend,  we  must  have  a  pressure  of  water  of  60  pounds  per  square 
inch  and  more  at  the  hydrant,  but  we  cannot  employ  this  amount 
of  pressure  on  the  ordinary  mains,  for  the  general  plumbing  of 
the  city  could  not  stand  it,  nor  in  most  cases  would  the  mains 
themselves,  and  again,  the  conditions  for  securing  this  pressure 
by  means  of  gravity  supply  is  very  rare,  and  by  pumps  very  ex- 
pensive. Thus  only  a  few  cities  see  their  way  to  putting  the 
principle  into  practice,  but  now  the  Greathead  Injector  Hydrant 
makes  it  much  more  feasible.  It  simply  takes  the  water  from 
the  regular  mains  of  the  city,  at  the  ordinary  pressure,  adding  to 
it  the  required  additional  pressure  for  fire  services,  thus  giving 
instantly  a  fire  stream  wherever  needed.  This  is  accomplished 
by  a  small  hydraulic  pipe,  which  feeds  the  hydrant  with  a  small 
quantity  of  water  at  high  pressure,  which  passes  through  the 
nozzle  in  the  hydrant,  draws  a  large  volume  of  water  from  the 
city  mains,  combines  with  it  and  gives  to  it  the  requisite  pressure 
or  velocity,  so  that  it  passes  out  from  the  hydrant  ample  in  vol- 
ume and  pressure  for  a  fine  fire  stream.  Thus  only  the  necessary 
power  is  sought  to  be  added  to  the  water  taken  from  the  already 
extensive  system  of  city  mains,  with  their  great  volume  of  water, 
which  stands  always  ready  to  be  utilized.  And  it  seems  quite 
unnecessary  tO' undertake  to  put  in  a  complete  new  system  of  fire- 
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mains,  and  to  secure  an  extra  source  of  water  supply.  Espe- 
cially when  it  is  remembered  that  the  total  amount  of  water  used 
for  fire  purposes  is  very  small  compared  with  that  supplied  for 
other  purposes. 

The  average  daily  consumption  of  London  is  about  150  mil- 
lion gallons  per  day,  and  for  fire  less  than  50  million  gallons  per 
year  is  required.  In  New  York,  the  daily  consumption  is  about 
110  millions,  and,  although  it  is  a  city  which  requires  much  water 
for  fire  purposes,  yet  less  than  150,000  gallons  per  day  are  found 
sufficient  upon  an  average.  Therefore  the  amount  of  water  used 
for  fires  is  many  hundred  times  less  than  the  volume  of  water 
supplied  for  ordinary  uses,  and  the  principle  of  only  drawing 
from  the  pipe  system,  a  huge  reservoir,  as  it  were,  and  simply 
adding  the  necessary  power  to  convert  it  into  a  fire  stream,  is  well 
based. 

Where  an  entirely  separate  system  of  mains  and  water  supply 
for  fire  purposes  only  is  proposed,  it  is  found  that  the  large  vol- 
umes of  water  needed  all  at  certain  times  require  very  large 
mains,  and  reservoirs  and  pumps,  necessitating,  of  course,  great 
expense  and  also  great  inconvenience  to  the  city  in  laying  the 
large  mains.  This  system  of  separate  supply  and  pipes  was  agi- 
tated for  many  years  in  London,  but  finally  abandoned.  The 
distribution  of  hydraulic  power,  by  means  of  small  pipes,  seems 
to  be  growing  very  steadily,  and,  together  with  the  injector  fire 
hydrant,  promises  to  become  very  popular;  especially  since  Lon- 
don and  Hull  have  public  supplies  of  hydraulic  power  which 
have  been  so  successful,  and  Liverpool  has  decided  to  adopt  the 
same  system.  The  photograph  which  you  see  shows  very  clearly 
the  arrangement  of  the  Greathead  Injector  Hydrant  in  any  street. 
The  hydrant  is  connected  to  both  the  ordinary  water  main  and 
the  hydraulic  pipe,  a  length  of  hose  with  a  nozzle  is  kept  attached 
to  the  hydrant,  and  all  are  enclosed  in  a  box  flush  with  the  pave- 
ment. It  is  but  necessary  to  lift  the  lid  of  the  box,  draw  out  the 
hose,  turn  on  the  water,  and  you  have  a  fire  stream  to  turn  upon 
any  fire  within  reach.  The  interior  is  very  simple,  with  no 
moving  parts,  the  injector  nozzles  being  very  substantial  and 
simple  in  construction.  Altogether  it  seems  to  be  a  very  inge- 
nious and  practical  device  for  the  purpose,  and  its  use  has  re- 
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cently  also  been  extended  to  the  automatic  elevation  of  water  in 
buildings. 

Let  us  now  look  more  particularly  into  the  distribution  of  hy- 
draulic power,  and,  for  illustration,  take  up  the  plant  of  the  Lon- 
don Hydraulic  Power  Company.  Engineers  are  all  familiar  with 
some  form  of  hydraulic  machinery  and  the  general  principles  of 
hydrostatics  upon  which  it  is  constructed  and  operated,  but  in 
this  country  it  seems  not  to  have  received  the  full  attention  it  de- 
serves. Its  simplicity  and  practical  advantages  may  be  some  time 
commented  upon,  and  perhaps  some  surprise  expressed  that  the 
system  was  not  in  more  general  use,  but  active  developing  of  it 
has  not  been  very  great,  and  it  is  not  without  some  surprise  we 
see  or  hear  of  the  enterprise  our  English  cousins  have  shown  in 
this  field.  As  yet  the  public  mind  here  looks  with  some  doubt 
and  sometimes  fear  upon  the  use  of  high  pressures,  such  as  are 
used  for  hydraulic  work,  not  being  aware  how  long  and  safely, 
how  extensively  and  satisfactorily,  this  system  has  been  in  use, 
and  that  there  are  quite  a  number  of  examples  scattered  about 
this  country.  To  many  the  use  of  water  at  high  pressures  seems 
dangerous  and  impracticable,  but  we  are  using  them  more  than 
is  imagined,  in  fields  that  are  not  generally  known  to  the  public. 

Firat,  the  oil-pipe  lines,  where  hundreds  of  miles  of  pipe  are 
used  for  conveying  the  oil  over  the  mountains  and  under  the  rivers 
to  the  seaboard,  necessitating  pressures  as  high  as  1,500  pounds 
to  the  square  inch.  These  lines,  as  some  of  you  know,  have  been 
in  daily  use  for  several  years,  with  safety  to  all  concerned  and 
great  economy  to  those  owning  them.  In  the  pressing  of  cotton 
and  in  the  extracting  of  oil,  as  well  as  in  the  riveting  of  iron 
work,  we  employ  hydraulic  pressures  sometimes  as  high  as  5,000 
pounds  per  square  inch.  Yet  only  about  700  to  800  per  square 
inch  is  required  in  the  public  supply  of  hydraulic  power,  and  it 
must  be  remembered  that  in  case  of  any  accident  and  bursting, 
the  pipes  but  crack  open,  thus  immediately  relieving  the  pressure, 
and  since  water*is  incompressible  it  also  does  not  expand,  so  there 
is  not  that  same  flying  about  of  pieces  as  with  steam  at  high 
pressures.  And  again,  it  is  to  be  remembered  that  the  very  im- 
pression caused  by  high  figures  or  large  amounts,  produces  more 
than  a  corresponding  degree  of  care  and  attention,  so  that  the 
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very  best  results  are  secured  in  designing,  in  quality  of  material, 
and  in  operating. 

Take  the  case  of  the  limited  express  or  fastest  train  on  a  rail- 
road ;  it  developes  so  much  attention  and  interest,  that  it  is  said 
the  chances  of  accident  to  it  are  less  than  with  any  other. 

The  use  of  hydraulic  power  in  industrial  fields  was  advocated 
as  early  as  1802,  by  Mr.  Bramah,  who  wrote  to  Mr.  Mallet  that 
he  was  able  to  raise  and  lower  goods  and  operate  presses  in  a 
most  surprising  manner,  and  that  it  was  a  great  mystery  to  people 
who  saw  it,  but  that  he  was  so  sure  of  the  principle  and  the  com- 
pleteness of  his  device,  that  he  would  undertake  to  erect  an  en- 
gine in  any  part  of  Dublin,  and  convey  power  to  all  the  cranes 
on  quays  and  elsewhere;  that  he  believed  he  would  have  all  the 
cranage  of  the  London  Wet  Docks  to  undertake,  which  would  be, 
he  says,  the  "grandest  job  ever  done  before."  To-day,  all  the 
great  shipping  points  of  England  are  fully  equipped  with  hydrau- 
lic cranes,  hoists,  and  derricks.  About  forty  years  ago,  I  be- 
lieve. Sir  Wm.  Armstrong  commenced  manufacturing  and  intro- 
ducing machinery  and  pipes  for  this  kind  of  work,  and  since  then 
such  other  works,  as  the  Hydraulic  Engineering  Works  of  Chester, 
have  made  a  specialty  of  it,  so  that  throughout  England,  and  in 
other  countries,  there  are  many  individual  concerns  operating 
complete  hydraulic  plants  for  raising  and  lowering  all  their  goods, 
switching  their  cars  and  operating  machines  and  tools.  But  the 
London  Hydraulic  Power  Co.  has  for  its  object  the  general  dis- 
tribution of  power,  and  is  the  out-growth  of  a  successful  enter- 
prise in  this  same  direction  at  Hull,  which,  in  its  turn,  was  a  bold 
step  forward  in  expanding  the  system  as  so  far  illustrated  by  the 
various  individual  plants.  Liverpool  is  also  to  have  a  similar 
public  supply.  The  Hull  Company  was  started  some  eight 
years  ago,  and  at  first  its  growth  was  slow,  owing  to  hard  times, 
and  the  usual  reluctance  to  make  any  change  and  adopt  new 
methods;  but  it  grew  steadily,  without  accidents,  until  four 
years  ago  it  emerged  from  that  condition  of  want  of  balance 
on  the  right  side  between  receipts  and  exjpenditures,  which  is  so 
often  fatal  to  new  undertakings,  no  matter  how  great  their  in- 
trinsic merit.  During  the  last  four  years  the  Hull  Co.  has  en- 
joyed uninterrupted  prosperity,  and  the  originators  were  encour- 
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aged  to  attempt  the  same  system  in  London.  So,  in  1882,  a  Com- 
pany was  floated,  and  obtained  the  right  to  lay  pipes  and  erect 
machinery  within  certain  limits,  and  recently  those  limits  have 
been  extended,  so  that  now  there  are  more  than  twelve  miles  of 
distributing  mains.  The  financial  success  was  almost  perfectly 
assured  from  the  beginning,  and  is  thoroughly  so  now.  During 
the  first  half  of  1884,  the  amount  of  water  delivered  increased 
over  40  per  cent.  The  central  station  is  located  on  Falcon  Wharf, 
on  the  southside  of  the  Thames,  close  to  Blackfriars  Bridge, 
and  at  the  western  extremity  of  the  first  district  granted  to  the 
company.  The  location  was  chosen  considerably  on  account  of 
the  enormous  value  of  property  in  the  old  city  and  along  the 
northside  of  the  river;  but  now  that  a  western  district  has  been 
given  to  the  company,  the  location  is  not  peculiarly  out  of  the 
way.  The  power  is  extensively  employed  at  docks,  railway  sta- 
tions, warehouses,  manufactories,  etc.,  etc.,  for  operating  elevators, 
cranes,  derricks,  capstans,  presses,  riveters,  motors,  hammers, 
and  the  like. 

The  cost  of  lifting  one  ton  fifty  feet  has  been  done  as  low  as 
one  farthing. 

There  are  four  mains  carried  out  from  the  central  station :  two 
to  serve  the  old  city  and  West  End,  and  two  quite  independent 
for  the  southern  district.  Mains  are  on  both  sides  of  the  river 
between  London  and  Blackfriars  Bridges,  and  are  united  by  two 
mains  across  Southwark  Bridge,  and  they  have  been  under  press- 
ure since  November,  1883.  Extensions  have  now  been  made 
westward  through  Westminster  district  as  far  as  Victoria  Station. 
Each  pair  of  mains  are  laid  in  a  circuit,  and  in  all  extensions  care 
is  taken  to  avoid  all  dead  ends,  so  that  a  supply  can  come  from 
either  direction.  The  mains  all  communicate  with  the  two  accu- 
mulators at  the  central  station,  and  there  are  stop-valves  about 
every  400  yards,  so  that  any  particular  section  can  be  isolated 
without  interfering  with  the  operation  of  the  rest  of  the  system. 
The  mains  are  of  cast  iron,  six  inches  internal  diameter,  and  with 
enlarged  section  at  thfe  ends,  which  are  flanged  with  holes  for  two 
bolts.  The  joints  are  spigot  and  socket,  turned  with  fillet,  and  are 
made  tight  with  a  ring  of  gutta-percha. 

There  have  been  remarkably  few  leaks  or  breaks ;   this  is  espe- 
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cially  remarkable  when  it  is  remembered  how  the  pipes  must  be 
threaded  through  the  intricate  system  of  pipes,  conduits  and  tun- 
nels, which  already  exist  in  underground  London.  In  this  con- 
nection it  can  be  noted  that  the  well-proved  feasibility  of  putting 
down  this  small  short  pipe  rapidly  without  danger  from  accident 
or  leakage,  and  a  minimum  of  inconvenience  to  the  traveling 
public,  is  claimed  as  a  very  strong  point  in  favor  of  extending  the 
system  for  general  fire  protection. 

The  valves  on  the  mains  are  of  the  balanced  type  of  lift  valve, 
with  waterway  the  full  area  of  pipe.  The  balancing  is  accom- 
plished by  a  small  1}  inch  controlling  valve;  the  only  work  to 
be  done  by  the  turnkey  being  raising  the  small  valve  and  the 
dead  weight  of  the  large  one.  By  this  means,  a  six  inch  valve, 
which  is  pressed  to  its  seat  with  a  force  of  about  nine  tons,  can 
be  easily  manipulated  with  one  hand. 

The  water  supplied  through  the  mains  is  taken  from  the 
Thames,  and  you  can  readily  understand  is  not  entirely  in  a 
condition  even  suitable  for  power  purposes,  being  charged  with 
mud  and  other  matter.  A  filter,  known  as  the  Thames  filter,  has 
been  adopted.  Tliey  are  arranged  in  pairs,  each  filter  having  a 
capacity  of  about  10,000  gallons  per  day. 

Each  filter  has  a  perforated  diaphragm,  connected  with  a 
hydraulic  cylinder,  which  maintains  a  pressure  upon  a  mass  of 
sponge  below  the  diaphragm. 

The  water  from  the  river  is  pumped  by  centrifugal  pumps, 
run  by  the  ordinary  three-cylinder  engine,  into  a  large  tank  over 
the  engine  house.  The  water  is  drawn  from  any  one  of  the  three 
compartments  of  this  tank,  passes  through  the  compressed  sponge 
in  the  filters  into  another  tank,  from  which  it  passes  on  to  the 
pumps,  thence  to  the  accumulators,  and  then  out  into  the  mains. 

No  attempt  is  made  to  remove  any  chemical  impurities,  as  the 
water  is  only  used  for  mechanical  purposes.  After  passing  through 
the  filter,  it  goes  through  a  small  bed  of  vegetable  charcoal,  which 
removes  any  fine  particles  which  may  have  passed  the  sponge, 
and  also  brightens  the  water  a  little.  The  filters  have  to  be 
cleaned  two  or  three  times  every  twenty-four  hours,  which  is  done 
by  reversing  the  flow  of  water,  and  putting  the  sponge  through 
an  alternate  squeezing  and  relaxing  process  by  means  of  the 
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hydraulic  cylinder,  to  which  the  perforated  movable  diaphragm  is 
attached.  The  pumping  engines  are  designed  by  Mr.  E.  B.  El- 
lington, and  are  of  the  three-cylinder,  vertical,  fly-wheel  type. 
The  middle  cylinder  is  high  pressure,  and  the  outside  cylinders 
low  pressure;  the  respective  diameters  being  nineteen  and  twenty- 
five  inches,  with  twenty-four  inches  stroke — 80  lbs.  per  sq.  inch 
being  the  working  pressure. 

The  fly-wheel  shaft  is,  of  course,  three  throw,  and  driven  by  split 
connecting  rods,  as  the  pump  plungers  are  in  line,  and  directly 
connected  to  the  piston  rods. 

The  pump  is  single  acting,  five  inches  diameter,  and  with  five 
inch  valves. 

The  valve  gear  is  known,  I  believe,  as  the  "Corry"  type.  The 
engines  are  controlled  by  the  accumulator,  and  start  and  stop 
according  to  the  demand  for  more  or  less  water.  The  engines 
are  fitted  out  with  surface  condensers,  and  with  air  pumps.  The 
pumps  deliver  into  two  accumulators,  twenty  inches  diameter, 
with  twenty-three  feet  stroke  and  weighted  to  give  700  lbs. 

The  engines  have  stood  the  work  well  that  they  have  been 
called  upon  to  perform,  and  altogether  are  an  interesting  piece 
of  machinery,  but  are  considerably  at  variance  in  many  respects 
with  some  of  our  ideas  concerning  the  principles  of  design  best 
adapted  for  hydraulic  pumping. 

The  accumulators  are  of  the  ordinary  form,  and  are  so  moderate 
in  size  that  their  function  is  more  that  of  a  safety  valve  or  equal- 
izer of  pressure  than  a  reservoir,  since  their  storage  capacity  is 
very  limited. 

The  boilers  are  of  the  Lancaster  type,  fitted  with  mechanical 
hoppers,  feeders  and  stokers,  and  elevator,  which  are  all  operated 
by  a  small  hydraulic  motor.  It  is  very  interesting  to  watch  such 
an  arrangement:  to  see  the  coal  hoisted  out  of  the  barge  by  a 
hydraulic  crane,  elevated  by  a  chain  of  buckets  and  then  con- 
veyed along  to  the  hoppers,  and  delivered  by  them  as  required  to 
the  mechanical  stokers.  It  certainly  looks  very  mechanical  and 
business-like,  and  is  a  source  of  economy  in  fuel,  well  worthy  of 
more  consideration  here. 

The  power  company  was  started  upon  the  belief  that  there  was 
a  great  need  for  a  cheap  public  supply  of  power,  and  that  in  a 
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large  city  most  users  of  power  required  power  intermittently,  and 
therefore  it  was  expensive  to  produce  it  themselves,  so  that  there 
would  be  elements  of  great  economy  in  a  public  supply,  with  also 
many  attendant  advantages,  such  as  doing  away  with  boilers, 
fuel  storage,  etc.,  and  economizing  in  valuable  space. 

The  financial  success  of  the  company,  and  the  continued  rapid 
growth  of  the  number  of  consumers,  proves  the  ideas  of  the  pro- 
motors  to  have  been  very  sound.  The  pipes  in  the  public  streets 
are  laid  at  the  company's  expense,  and  service  pipe  charged  to 
the  customer.  The  quantity  of  water  used  is  registered  by  a 
meter,  so  that  the  cost  for  power  is  exactly  proportional  to  the 
amount  of  work  actually  performed.  Several  cases,  where  the 
public  supply  has  superseded  other  methods,  have  given  a  sav- 
ing of  over  30  per  cent. 

Upon  looking  over  the  whole  field,  we  see  that  there  are  a  great 
many  cases  where  the  distribution  of  power,  by  the  means  of 
hydraulics,  is  attended  with  many  very  considerable  benefits, 
be  it  simply  in  a  large  shop  or  industrial  establishment,  or  as  a 
public  supply  in  a  city.  And  I  think  that  it  may  not  be  long  be- 
fore we  see  a  more  extended  awakening  in  the  country  to  the 
particular  advantages  of  the  system  and  the  special  applications 
that  can  be  made. 


XX. 


THE  PRESENT  SITUATION  OF  THE  INTEROCEANIC  CANAL 

QUESTION. 

B7  J.  Foster  Crowell,  Active  Member  of  the  Club. 

Bead  February  6fA,  1886. 

This  paper,  although  written  for  Engineers,  is  not  intended  to 
present  the  subject  from  an  engineering  standpoint.  Incidentally 
to  a  proper  understanding  of  the  conditions  which  now  surround 
the  problem  of  Interoceanic  Communication,  it  will  be  found 
necessary  to  refer  briefly  to  the  diverse  engineering  features  which 
distinguish  the  several  projects  that  are  before  the  world,  but  the 
primary  purpose  of  the  writer  is  to  set  forth  the  summation  of 
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what  has  been  accomplished  toward  the  final  determination  of 
the  question,  and  to  consider,  from  the  standpoint  of  the  Publi- 
cist, the  diflerent  claims  to  merit  of  the  rival  undertakings,  by 
which  he  refers,  of  course,  to  the  Sea  Level  Canal,  under  construc- 
tion at  Panama,  the  Slack  Water  system,  proposed  at  Nicaragua, 
and  the  Ship  Railway  scheme,  across  the  Isthmus  of  Tehuantepec. 

The  process  by  which  the  attention  of  the  world  has  been  con- 
centrated upon  these  three  lines  of  communication,  has  been  the 
process  of  rejection.  It  is  not  necessary  to  here  enumerate  the 
multifarious  projects  which,  during  a  period  of  more  than  three 
hundred  years,  have  been  put  forward ;  it  would,  in  fact,  be  im- 
possible. Scarcely  a  single  river  or  estuary  opening  into  either 
ocean,  from  the  northern  limits  of  Mexico  to  the  southern  bor- 
ders of  New  Granada,  has  not  at  some  time  or  other  been  made 
the  basis  for  some  scheme  of  canalization. 

But  though  surmise  and  misrepresentation  had  been  so  rife, 
and  though  many  prominent  and  able  geographers  and  men  of 
science  for  so  long  had  sought  the  proper  solution,  down  to  the 
middle  of  the  present  century  nothing  definite  was  known  of  any 
line.  The  construction  of  the  Panama  Railroad,  and  the  estab- 
lishment of  the  Central  American  Transit,  in  Nicaragua,  revived 
interest  in  the  question,  and  in  1851  and  '52  an  American  Engi- 
neer, Oliver  W.  Childs,  made  a  most  valuable  and  accurate  sur- 
vey for  a  Canal  at  Nicaragua.  International  comities,  however, 
combined  with  other  considerations,  prevented  the  consummation 
of  this  plan,  and  the  civil  war  in  America  occurring,  the  matter 
laid  dormant  until  some  years  after  its  close. 

About  1870  the  United  States  Government  decided  to  proceed 
to  the  determination  of  the  best  site  for  a  canal,  and  in  order  to 
arrive  at  an  impartial  and  reliable  conclusion,  fitted  out  three 
distinct  exploring  expeditions,  under  military  control  of  the 
United  States  Navy,  and  accompanied  by  Civil  Engineers.  Sev- 
eral years  were  consumed  in  exploring  all  the  prominent  routes, 
and  in  surveying  such  of  them  as  were  not  palpably  unsuited. 

The  Darien,  San  Bias,  Panama,  Nicaragua  and  Tehuantepec 
lines  were  thoroughly  examined,  and  full  reports  were  published. 
The  reports  were,  by  authority  of  Congress,  referred  to  a  Commis- 
sion, consisting  of  one  representative  each  from  the  Army,  Navy, 
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and  Coast  Survey,  who,  after  due  consideration  and  a  personal 
examination  of  some  of  the  lines,  by  other  army  engineers  se- 
lected by  the  Commission,  reported  in  favor  of  the  Nicaragua 
route. 

It  was  then  considered  that  the  question  of  choice  was  disposed 
of,  as  far  as  the  United  States,  at  least,  were  concerned. 

Without  referring  to  the  details  of  the  several  plans,  it  may  be 
mentioned  that  the  Darien  line  was  rejected,  among  other  reasons, 
because  it  involved  a  tunnel  2^  or  more  miles  long,  suflBciently 
wide  and  lofty  to  accommodate  vessels  (the  portal  of  the  tunnel 
being  in  a  cut  225  feet  deep,  which  cut  extended  a  distance  of  48 
miles,  with  a  maximum  depth  of  245  feet,  and  an  average  of  90 
feet);  the  San  Bias  route  because  of  insuperable  disadvantages  of 
climatic  and  physical  character ;  Panama,  because  of  scarcity  of 
water  at  Summit  Level  (a  canal  a  niveau  was  not  then  seriously 
considered),  while  at  Tehuantepec  the  excessive  length,  extreme 
lockage  (732  feet),  and  the  necessity  of  an  immense  feeder  to  the 
summit  level,  placed  the  duration  of  passage  and  the  cost  at 
figures  too  high  to  be  considered. 

By  the  process  of  rejection,  then,  the  Nicaragua  line  was  se- 
lected, but  not  alone  to  that  was  its  selection  due,  for  it  proved  to 
be  admirably  adapted  in  all  the  great  essentials  for  slack  water 
purposes,  possessed  unquestioned  climatic  advantages,  and  passed 
through  a  magnificent  country,  as  yet  scarcely  peopled,  and  un- 
developed, but  full  of  vast  opportunities.  In  fact,  had  it  possessed 
good  harbors,  hardly  a  single  objection  could  have  been  raised. 
The  lack  of  harbors  was  not,  it  is  true,  a  serious  obstacle,  but  it 
was  a  formidable  item  in  the  estimate  of  cost.  (This  will  be  again 
referred  to.) 

The  writer  was  engaged  during  the  years  1872  and  1873  upon 
the  exploration  surveys  and  location  in  Nicaragua,  and  upon  the 
subsequent  preparation  of  the  report  and  estimates  submitted  in 
1874.  He  has  also  twice  crossed  the  Isthmus  of  Panama,  and 
spent  some  time  in  a  visual  examination  of  its  topography. 

After  the  report  of  the  mixed  commission  before  referred  to  was 
submitted  to  the  President,  in  1876,  nothing  further  was  done  of 
any  note,  until  1879,  and  no  advocates  came  forward  for  any  other 
project;  doubtless  the  business  depression  consequent  upon  the 
panic  of  1873  contributed  to  this  inaction. 
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In  1879,  however,  De  Lesseps  appeared  for  the  first  time  upon 
the  scene,  as  a  promoter  of  a  scheme  which,  at  the  outset,  seemed 
designed  simply  and  solely  to  provide  with  a  vocation  a  young 
French  oflBcer  whose  star  had  gone  down  with  the  Empire.  This 
was  Lucien  Bonaparte  Wyse,  who  had  secured  a  concession  for 
building  a  canal  on  the  abandoned  and  worthless  San  Bias  route. 
It  is  said  that  De  Lesseps  was  induced  to  this  course  by  reasons  of 
a  sentimental  nature,  but  be  that  as  it  may,  it  is  a  fact  that  he 
took  up  the  San  Bias  scheme,  and  called  what  is  known  as  the 
"  Paris  Congress,"  with  the  intention  of  having  that  route  adopted. 
This  Conference  was  composed  of  representatives  of  various 
countries,  among  whom  were  Sir  John  Hawkshaw,  the  noted 
English  Canal  Engineer;  Dirks,  the  Government  Director  of 
Canals,  in  Holland,  and  other  experts. 

Mr.  Menocal,  Chief  Engineer  of  the  Nicaraguan  surveys,  and 
Commodore  Ammen,  under  whose  general  direction  the  expe- 
ditions of  the  United  States  had  been  sent  out,  represented  the 
United  States.  They  presented  full  maps,  profiles  and  detailed 
estimates  for  the  Nicaragua  line,  and  the  experts  named  above,  as 
well  as  many  other  members,  pronounced  in  favor  of  this  route, 
and  San  Bias  was  not  even  considered.  At  this  juncture  the 
"Panama  Canal  a  niveau/"  was  presented  to  the  Conference  by 
De  Lesseps,  based  on  no  surveys;  vouched  for  by  no  engineer  who 
had  ever  seen  Panama,  and  over  the  protest  of  American,  English 
and  Dutch  representatives,  was  adopted  by  a  majority  vote,  with 
great  French  enthusiasm.  An  "estimate"  was  presented  bearing 
necessarily  no  relation  to  the  actual  work  to  be  done,  amounting 
to  about  $250,000,000,  and  forthwith  a  company  was  formed;  ur- 
gent efforts  to  secure  funds  in  this  country  and  in  England, 
by  the  French  Company,  failed,  although  an  American  interest 
was  formed,  and  in  order  to  secure  subscriptions  in  France,  this 
estimate  was  cut  down  twice  successively  to  $135,000,000.  We 
are  now  told  by  De  Lesseps,  after  several  years  of  work  on  the 
Canal,  that  that  amount  is  nearly  or  quite  exhausted,  and  he  asks 
$120,000,000  more,  and  "the  end  is  not  yet." 

As  to  what  work  has  actually  been  performed  to  date,  reports 
conflict.  Reports  from  the  Canal  Company  are  rosy,  and  the 
American  contractors  send  home  encouraging  statements;  this 
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was  ever  the  way  with  companies  and  contractors.  On  the  other 
hand,  Dr.  Rodriguez,  a  most  intelligent  and  careful  observer,  has 
written  and  printed  a  book  which,  if  mainly  correct,  would 
make  the  final  completion  of  the  Canal  as  problematical  as  it  has 
ever  been.  A  personal  friend  of  the  writer,  an  Engineer  of  prom- 
inence (whom  he  does  not  name  because  he  has  not  had  time  to 
obtain  his  permission  so  to  do),  and  a  gentleman  of  undoubted 
accuracy  of  statement,  spent  a  week  in  May,  of  last  year,  upon  the 
small  portion  of  the  entire  length  which  at  that  tim6  had  had  any 
work  performed  upon  it.  (About  four  miles  out  of  seven  of 
dredging  in  alluvial  deposit  partly  done,  and  about  four  miles 
out  of  thirty-five  of  the  heavier,  not  the  heaviest  excavation 
commenced). 

He  made  careful  notes  of  the  progress  of  the  work  in  detail, 
and  computed  an  approximate  estimate,  which  gave  the  total 
amount  performed  at  not  more  than  five  per  cent,  of  the  require- 
ment; at  that  time  the  Canal  people  admitted  the  expenditure  of 
$80,000,000,  but  such  a  large  portion  of  that  sum  was  for  plant, 
railroads,  hospitals,  dwellings  and  barracks,  that  the  amount  of 
work  was  not  justly  represented  by  it.  Making  careful  allowance 
for  that,  however,  and  checking  the  figures  by  applying  the 
prices  which  the  work  was  then  costing,  to  the  total  amount  to  be 
done,  he  reduced  the  accomplishment  to  an  equivalent  of  about 
thirteen  per  cent,  of  the  finished  work,  which  would  cost  over 
$600,000,000.  It  is  fair  to  assume  that  as  the  work  develops, 
prices  may  be  decreased  (for  it  is  notorious  among  the  initiated 
that  it  is  now  being  done  in  a  most  wasteful  manner),  and  that 
the  entire  expenditure  may  not  exceed  $500,000,000  if  it  con- 
tinues. Another  American  Engineer,  who  has  more  recently 
visited  the  works,  and  who  has  long  been  professionally  engaged 
in  Central  America,  makes  a  statement  which  throws  almost  the 
same  degree  of  doubt  on  the  completion  of  the  undertaking. 

The  Atlantic  and  Pacific  Ship  Railway  scheme  is  the  successor, 
in  a  commercial  sense,  to  the  abandoned  project  for  the  Tehuan- 
tepec  Canal :  it  is  located  in  the  same  region  and  has  the  same 
termini.  It  has  been  brought  forward  as  a  substitute  for  the 
Canal.  It  forms  a  striking  illustration  of  the  power  of  the  engi- 
neer to  set  at  naught  the  obstacles  of  nature,  and  is,  as  a  concep- 
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tioD,  most  admirably  contrived,  and  beautifully  adapted  to  its 
object,  as  probably  all  who  have  examined  the  plans  and  model 
will  agree.  Our  valued  fellow-member,  Mr.  E.  L.  Corthell,  has 
recently  issued  a  very  exhaustive  description  of  the  system,  and 
last  year  exhibited  and  explained  the  model  before  the  Franklin 
Institute,  so  that  it  is  not  necessary  in  this  paper  to  speak  of  its 
features  in  detail.  So  far  as  known  to  the  writer,  the  Ship  Rail- 
way scheme  has  not  yet  received  the  full  measure  of  support 
needed  to  establish  it  as  an  actual  undertaking. 

This  is  also  true,  and  perhaps  in  a  greater  degree,  of  the  Nica- 
raguan  project,  which,  nevertheless,  has  not  been  and  is  not  now 
without  its  earnest  promoters,  who,  undeterred  by  the  prospects 
of  its  rivals,  have  almost  succeeded  in  fairly  launching  it. 

It  will  be  remembered  that  at  the  close  of  the  last  administra- 
tion, a  treaty  with  Nicaragua,  providing  for  the  Canal,  was  under 
consideration.  This  was  withdrawn  by  the  present  administra- 
tion, and  the  matter  has  rested  until  now,  when  renewed  efforts 
are  about  to  be  commenced. 

Amplified  surveys  have  meanwhile  been  made  by  Menocal,  in 
1880  and  1885,  which,  in  combination  with  the  advance  in  indus- 
trial resources  since  1873,  have  enabled  him  to  greatly  modify  and 
improve  the  first  plan  adopted,  and  it  has  recently,  in  its  per- 
fected form,  been  presented  anew  to  the  attention  of  the  engineer- 
ing world.  We  may  then  state  of  the  three  projects  the  following 
propositions: 

1st  At  Panama  is  the  only  feasible  site  for  a  Sea  Level  Canal; 
and  such  treatment  is  the  only  feasible  one  at  that  place. 

2.  That  Nicaragua  is  the  only  practicable  site  for  a  slack-water 
system  (for  a  canal  with  locks),  and  that  it  is  pre-eminently 
adapted  by  Nature  for  such  an  use. 

That  there  are  no  obstacles,  in  an  engineering  sense,  and  no 
physical  drawbacks  that  need  deter  the  undertaking. 

3.  That  the  Ship  Railway,  as  a  mechanical  contrivance,  has 
the  endorsement  of  the  best  authorities,  and  may  be  admitted  to 
be  the  ne  plus  vlira  as  a  means  of  taking  ships  from  their  natural 
element  and  transporting  them  over  the  land. 

4.  That  none  of  these  plans  has  as  yet  advanced  sufficiently 
far  to  warrant  our  considering  its  completion  as  beyond  doubt. 
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5.  That,  as  the  additional  sum  now  asked  for  by  De  Lesseps 
(even  if  sufficient)  to  complete  the  Panama  Canal,  is  greater  than 
the  estimated  cost  of  either  the  Nicaragua  Canal,  or  the  Ship 
Railway,*  it  would  be  economical  to  abandon  the  Panama  Canal, 
and  the  money  sunk  in  it  to  date,  unless  its  location  and  form 
possess  paramount  advantages  for  the  commerce  of  the  world. 

We  may  therefore  profitably  consider  the  relative  merits  of  the 
three  lines  from  four  points  of  view,  without  regard  to  the  past: 

1.  Geographical  convenience  to  commerce. 

2.  Adaptiveness  to  all  marine  requirements. 

3.  Political  security. 

4.  Economy  of  construction  and  operation. 

1.  As  to  geographical  convenience.  If  we  consider  only  the 
needs  of  the  United  States,  commercial  and  military,  the  most 
northern  line  is  the  most  favorable,  and  this  needs  no  demonstra- 
tion ;  considering  the  interests  of  the  direct  through  commerce 
between  Europe  and  Australasia,  Polynesia,  and  the  Asiatic 
Pacific  ports,  the  same  is  true. 

To  vessels  to  or  from  Europe  and  the  East,  via  West  Indian 
ports,  forming  a  very  considerable  part  of  the  present  and  future 
marine  interest,  the  advantage  disappears,  and  so  also  to  vessels 
from  either  side  of  the  Atlantic,  bound  to  western  South  America, 
(and  who  can  estimate  the  future  of  this  trade  when  the  Isthmus 
is  pierced?) 

There  is  then  little  to  choose  in  this  respect  between  Tehuan- 
tepec  and  Nicaragua,  but  either  is  immeasurably  superior  to 
Panama. 

2.  Adaptiveness  to  universal  marine  requirements. 

The  interoceanic  communication  must  be  like  the  ocean  high- 
way, and  fitted  to  receive  any  craft,  from  the  10,000-ton  iron-clad 
cruiser  down  to  the  smaller  class  of  wooden  coasters.     It  must  be 

*  In  Mr.  Cortheirs  pamphlet :  ''The  AtlarUie  and  Pacific  Ship  Oawd,'^  January,  1886, 

the  probable  costs  given  for  these  three  projects  are  as  follows: 

Panama, $400,000,000 

Nicaragua, 200,000,000 

Ship  Railway 75,000,000 

But  Menocal's  revbed  estimate  for  Nicaragua,  at  $65,000,000,  is  not  to  be  set  aside ; 

Mr.  Corthell  quotes  Major  Mc^arland's  figures,  but  McFarland  never  made  a  sun^ey ; 

the  data  of  the  Nicaragua  surveys  are  exceptionally  accurate. 
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ready  at  all  hours  to  receive  anything  that  comes,  and  as  it  comes, 
and  deliver  it  surely,  and  safely,  and  quickly  at  its  other  ter- 
minus. It  must  be  secure  from  every  kind  of  sudden  injury.  It 
must  have  reserve  capacity,  and  be  of  ample  measure  to  accomo- 
date traffic  in  both  directions,  without  conflict.  It  is  not  to  grow 
up  with  the  trade,  but  to  be  provided  at  the  outset,  as  far  as 
human  foresight  and  appliances  can  reach,  for  the  vast  pro- 
cessions of  the  ships  of  the  future. 

The  Suez  Canal  is  to  be  enlarged,  after  a  service  of  sixteen 
years.  Panama  is  barely  wide  enough  for  present  requirements, 
and  its  enlargement  would  be  nearly  impossible  and  stupend- 
ously costly ;  it  may  do  for  the  present,  if  completed ;  it  cannot 
serve  the  future.  It  is  the  varied  character  and  incalculable  di- 
mensions of  future  traffic  that  casts  the  grave  doubt  over  the 
Ship  Railway.  That,  it  is  true,  can  be  doubled,  or  tripled,  in 
tracks,  but  can  the  equipment  be  provided  and  kept  in  service  to 
meet  the  needs  of  all  classes  of  vessels  of  peace  and  of  war?  And 
can  the  turntable  and  shunting  system  be  relied  upon,  day  in 
day  out,  to  transport  quickly  and  surely  the  immense  concentra- 
ted weights;  it  is  the  movement  of  the  traffic,  and  not  the  lifting 
and  supporting  of  the  ships,  that  will  test  the  system,  and  even 
the-  beautiful  application  of  mechanical  force,  which  it  evinces, 
may  be  powerless  to  insure  the  high  grade  of  service  which  is  an 
absolute  necessity. 

In  contemplating  the  methods  proposed  for  conducting  these 
titanic  movements,  it  is  impossible  to  lose  sight  of  the  great  gap 
that  intervenes  between  the  point  of  highest  attainment,  so  far, 
in  the  art  of  handling  trains  on  railroads,  and  that  at  which  the 
Ship  Railway  must  begin  its  operations.  Consider,  for  instance, 
the  simple  placing  in  proper  position  upon  the  turntables,  of  a 
vessel  weighing,  say  with  cargo,  not  more  than  six  thousand  tons ;  of 
the  coming  off  with  promptitude  and  certainty,  to  take  the  open 
siding,  and  backing  on  again  with  equal  celerity,  after  the  pass- 
ing ship  of  perhaps  twice,  or  perhaps  half  the  weight,  has  been 
taken  through  the  table  with  the  same  difficulties;  and  so  in 
most  other  functions  of  the  ship  railway,  which  must  be  repeated 
many  times  per  day. 

This  comment  is  not  meant  for  adverse  criticism,  but  merely 
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to  indicate  the  tremendous  task  which  the  Ship  Railway  would 
have  placed  before  it  at  the  start  That  means  cannot  be  devised 
to  overcome  such  difficulties,  it  would  be  folly  to  predicate,  but 
the  difficulties  are  there,  and  we  are  not  yet  informed  how  they 
are  to  be  removed. 

But  admitting  that  in  due  course  of  time  they  could  be  elimi- 
nated by  appliances  superior  to  any  yet  devised,  would  the  Ship 
Railway  even  then,  no  matter  how  perfect  in  its  working,  in  any 
sense  be  superior  to  the  water  way,  designed  as  the  Nicaragua 
Canal  is,  in  its  later  form. 

By  a  single  dam,  near  where  the  San  Carlos  River  enters  the  San 
Juan  Valley,  a  distance  of  120.99  miles,  consisting  of  64.54  miles 
of  river  and  56.45  miles  of  lake,  will  be  rendered  available  for 
unrestricted  use  by  all  vessels  under  their  own  power  at  full 
speed,  excepting  a  length  of  24  miles  between  the  lake  and  Toro^ 
where  large  vessels  would  be  confined  to  a  bottom  width  of  125 
feet.  By  the  prolongation  of  this  lake  summit  level  through 
the  divide  toward  the  Pacific,  a  further  distance  of  7.95  miles  is 
secured,  and  from  the  San  Juan  Valley  proper  to  Lock  No.  3 
(toward  the  Atlantic)  is  another  stretch  on  the  same  level  of  16 
miles,  making  a  total  of  summit  level  of  144.8  miles. 

Of  the  remaining  distance  between  the  oceans,  12  miles  are  to 
be  dredged  through  alluvial  deposits,  and  1.4  miles  are  in  the 
Buto  Basin,  leaving  only  a  length  of  12.6  miles,  wherein  are  to  be 
encountered  the  7  locks  in  the  entire  passage.  Candidly  speak- 
ing, this  distance,  divided  into  one  run  of  5  miles  on  the  Atlantic 
side,  and  another  run  of  7.6  miles  on  the  Pacific  side,  comprise 
the  only  parts  of  the  canal  where  all  steam  vessels  could  not 
make  the  same  speed  with  their  own  power,  as  they  could,  say 
upon  the  Hudson  River,  excepting  the  24  miles  stretch.  And  there 
is  room  enough,  and  to  spare,  for  the  body  of  water  on  the  sum- 
mit level  is  practically  an  inland  lake,  nowhere  narrower  than 
1000  ft.,  with  a  sufficient  depth  for  the  greatest  draught  vessels, 
and  at  the  widest  part  45  miles.  We  then  may  in  truth  contrast 
the  difficulties  of  aU  the  stretches  of  canal  proper,  an  aggregate 
length  of  40  miles,  with  lockage  of  110  ft.  up  and  down,  with 
the  difficulties  of  taking  ships  out  of  the  water,  and  transport- 
ing them  over  the  land  for  134  miles,  a  distance  about  equal 
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to  that   between    Harrisburg  and  Altoona,  ascending  and   de- 
scending in  that  distance  an  elevation  of  742  ft. 
Now  as  to  the  Harbor  Question :    • 

At  Nicaragua  harbors  must  be  prepared.  Nature  was  lavish 
at  Greytown,  and  provided  a  sheltered  roadstead,  a  mile  or  more 
in  width,  but  the  mischievous  act  of  an  idle  human  hand  de- 
stroyed it.  To  restore  it,  would  now  be  almost  impossible;  but 
to  create  one  sufficient  for  all  purposes  is  a  mere  question  of 
dollars — a  good  many,  it  is  true,  but  they  are  included  in  the 
total  estimate  of  cost. 

At  Brito,  on  the  Pacific,  breakwaters  may  be  necessary,  but  the 
sea  section  of  the  canal  will  be  a  basin  sufficiently  wide  for  har- 
boring vessels  awaiting  transit. 
Political  security : 

It  is  quite  evident  that  there  is  no  political  security  for  the 
Canal  at  Panama,  that  is  for  American  use  of  it.  If  completed 
it  will  not  be,  it  cannot  be,  by  private  subscription.  De  Lesseps 
is  now  on  his  way  to  Colon  with  his  friends,  in  order  to  carry 
back  to  France  such  favoring  accounts,  as  will  induce  his  Govern- 
ment either  to  give  direct  financial  aid,  which  it  recently  declined 
to  do,  or  to  sanction  a  lottery,  by  which  to  raise  the  funds. 

Were  France  to  assume  control,  the  Canal  might  become  a 
c(uvs  belli,  or  our  rights  might  be  surrendered  as  not  worth  a 
struggle,  which  of  course  might  cost  more  than  many  canals,  or 
ship  railways  either. ' 

At  Nicaragua  it  is  already  sufficiently  well  ascertained  that 
the  United  States  can,  if  we  so  choose,  make  such  terms  as  shall 
not  only  secure  our  use  of  the  canal,  but  will  enable  us  to  main- 
tain the  Monroe  Doctrine  in  reality,  when  occasion  shall  arise. 

At  Tehuantepec  there  would  be  no  reasonable  doubt  of  secur- 
ity, but  we  should  first  have  to  annex  a  part  of,  or  coerce,  Mexico, 
in  order  to  render  our  rights  to  it  perfect. 

The  advantage,  politically,  clearly  lies  with  Nicaragua. 

As  to  economy  of  cost  and  operation,  leaving  out  Panama : 
Probably,  unless  one  interest  were  to  attempt  to  choose  between 
the  other  two,  and  have  all  the  data  at  command,  it  would  not 
be  possible  to  actually  determine  these  points  at  this  time. 

CorthelPs    estimate    for    the    Ship    Railway    (134    miles)    is 
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$75,000,000,  MenocaPs  for  Nicaragua  is  $65,000,000;  and  by  the 
ethics  of  our  profession,  we  are  bound,  in  the  absence  of  other 
light,  to  accord  that  each  iS  entitled  to  the  high  degree  of  con- 
fidence which  their  professional  standing  and  large  experience 
warrant. 

In  concluding,  the  writer  wishes  to  emphasize  the  fact,  that 
this  .all  important  question  is  still  an  open  one,  of  which  the 
future  need  of  our  country  justifies  and  demands  the  most  search- 
ing scrutiny,  and,  moreover,  that  our  interests,  and  the  interest 
of  mankind  require  that  before  this  century  closes,  the  best  pos- 
sible pathway  between  the  Atlantic  and  the  Pacific  shall  be  open 
to  the  navies  of  the  world. 


QUESTIONS. 

Pursuant  of  the  recent  suggestion  of  Mr.  W.  H.  Ridgway, 
Member  of  the  Club,  several  Questions  have  been  submitted  for 
answer  or  discussion. 

No.  1. 

December  19th,  1885. 

Suppose  a  shaft,  sunk  to  a  depth  of  75  or  100  ft.  through  a  some- 
what broken  rock,  be  divided  into  two  compartments,  10  ft.  by  10 
ft.,  and  5  ft.  by  10  ft.,  in  area,  respectively;^  the  shaft  timbered 
tightly  with  planks  and  the  only  communication  between  the 
two  compartments  being  at  the  bottom.  Why  is  a  strong  upward 
current  of  air  experienced  in  the  smaller? 

These  w^re  the  conditions  in  a  shaft  in  a  mountain  some 
10,000  ft.  above  sea  level.  There  was  no  steam  or  other  artificial 
heat  at  the  bottom,  nor  was  the  temperature  in  the  shaft  very 
different  from  that  of  the  outside  atmosphere. 

Answers. 

L.  ScHUTTE,  January  16th,  1886: — I  submit  the  following  as  a 
possible  solution  of  the  above  question. 

Assuming  a  plain  shaft  without  a  partition,  and  that  the  tem- 
perature of  the  ground  surrounding  the  shaft  be  somewhat  higher 
than  the  outside  atmosphere  (which  no  doubt  it  is  at  certain 
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seasons  or  parts  of  the  day),  and  further  assuming  a  free  admis- 
sion of  air  at  the  bottom,  then  no  doubt  an  upward  current  will 
take  place. 

As  the  circumference  of  the  shaft  multiplied  by  its  depth  may 
be  considered  the  heating  surface,  it  follows  that  a  smaller  shaft 
can  have  a  larger  heating  surface  in  proportion  to  its  area,  and, 
therefore,  a  proportionately  stronger  current  will  occur  in  the 
shaft  of  smallest  area. 

This  would  apply  to  the  above  question : 

Heating  surface  of  shaft  ^  =  10  +  10  +  10  X  Height 

"      "     B  =    5  +    5  +  10  X  Height 

A       B 


or  proportion  of  heating  surface  30 
"  "  Area  =    2 


20 


proportion  of  strength  =  15  :  20 
or  in  other  words,  there  is  one-third  more  of  proportionate  heating 
surface  to  induce  the  upward  current  in  the  smaller  shaft  B,  while  the 
»peed  of  the  upward  current  in  the  small  shaft  will  be  twice  that 
of  the  down  current  in  the  larger,  simply  due  to  their  proportion 
of  areas. 

James  Christie,  January  16th,  1886: — A  stream  of  air  directed 
across  the  orilBce  of  a  tube,  induces  a  current  through  the  tube, 
as  illustrated  in  the  ordinary  "  atomizer,"  used  for  spraying  per- 
fumes, etc.  The  smaller  the  tube  the  more  efficient  this  action, 
with  an  impelling  current  of  given  intensity.  In  fact,  if  the  tube 
exceeds  certain  dimensions,  the  cross-current  may  be  deflected 
downward  into  the  tube.  I  think  the  atmospheric  movement 
across  the  end  of  shaft  would  account  for  the  phenomena,  and  it 
is  rarely,  if  ever,  that  there  is  not  some  breeze.  It  could  be  de- 
monstrated by  observing  if  the  ascending  current  is  most  active 
when  the  wind  is  highest. 

No.  2. 

December  19th,  1885. 

a.  What  proportion  of  piston  area  should  area  of  air  inlet  and 
outlet  valves  be  on  a  blowing  engine  with  a  stroke  of  48  ins.; 
cylinder,  54  ins.  diameter;  maximum  speed,  30  revolutions  per 
minute ;  blast  pressure,  25  lbs.  per  sq.  in. 
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b.  Also,  on  a  blowing  engine  with  a  stroke  of  60  ins.;  cylinder, 
70  ins.  diameter;  maximum  speed,  40  revolutions  per  minute; 
blast  pressure,  15  lbs.  per  sq.  in. 

No  answers  have  been  received  to  this  Question. 


DWIGHT  EDWARD  PIERCE 

Was  born  in  Ansonia,  Connecticut,  in  May,  1864,  where  he 
lived  until  1865,  when,  with  his  parents,  he  removed  to  New 
Haven,  Conn.  He  was  always  a  studious  boy,  and  at  an  early 
age  evinced  a  strong  desire  for  a  liberal  education,  and  every 
facility  which  his  parents  could  command,  and  his  own  push- 
ing determination  could  devise,  was  brought  into  play  for  the 
accomplishment  of  his  purpose. 

He  went  through  the  usual  course  at  the  High  School,  in  New 
Haven,  afterward  entering  the  Hopkins  Grammar  School,  where 
he  graduated,  and  then  entered  the  Sheffield  School  of  Yale  Col- 
lege, from  which  he  graduated  in  1875,  with  honor,  the  second  in 
his  class. 

Immediately  after  his  graduation  he  was  appointed  Instructor 
in  the  Hopkins  Grammar  School,  where  he  remained  until  the 
spring  of  1877,  when,  through  the  recommendation  of  Professor 
A.  J.  Du  Bois,  then  of  Lehigh  University — ^now  of  Yale  College 
— he  was  appointed  Instructor  of  Mechanical  Engineering  in 
Lehigh  University ;  and  during  the  winter  of  1877-78  he  per- 
formed not  only  the  duties  of  Instructor,  but  Professor  also,  Prof. 
Du  Bois  having  removed  to  New  Haven.  At  the  close  of  the 
College  year,  in  1881,  owing  to  ill  health,  he  resigned,  and  be- 
came the  head  of  the  manufacturing  firm  of  D.  E.  Pierce  &  Co., 
which  is  now  the  Lloyd  Valve  Co.,  of  Bethlehem,  Pa.,  where  for 
several  years  he  showed  his  large  capabilities  and  energy  as  a 
business  man. 

The  sudden  death  of  his  wife,  in  November,  1883,  was  a  blow 
from  which  he  never  recovered,  and  he  felt  that  he  could  no 
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longer  remain  in  Bethlehem,  and  he  resigned  hi8  position  with 
the  Lloyd  Valve  Co.,  in  June,  1885. 

In  August  of  this  year  he  accepted  the  position  of  Business 
Manager  of  the  Wyoming  Valley  Manufacturing  Company,  and 
feeling  the  need  of  a  few  weeks'  vacation,  went  on  August  15th 
to  Bristol,  R.  I.,  where  he  was  taken  with  typhoid  fever,  and  died 
September  1st,  1885,  and  was  buried  by  the  side  of  his  wife,  in 
Evergreen  Cemetery,  New  Haven,  Conn. 


COL  JAMES  WORRALL, 

Died  April  1st,  1885,  was  born  in  the  City  of  Limerick, 
Ireland,  on  the  12th  day  of  January,  1812.  His  father,  John 
Worrall,  having  suffered  losses  in  business  by  which  his  for- 
tune was  impaired,  felt  compelled  to  seek  elsewhere  a  home 
for  himself  and  his  large  family.  He  therefore  immigrated  to 
America,  where  he  died,  in  Philadelphia,  in  1845.  James,  the 
eldest  child,  found  employment  in  the  bookstore  of  Carey,  Lea  & 
Co.,  of  Philadelphia,  and  after  remaining  there  some  years,  se- 
cured a  position  in  an  engineer  corps,  at  work  more  congenial  to 
his  tastes.  On  attaining  his  majority,  in  1833,  he  assisted  in 
making  the  surveys  and  maps  of  the  St.  Lawrence  Canal,  between 
Prescott  and  Cornwall,  and  soon  after  became  a  member  of  the 
engineer  corps  on  the  Chesapeake  and  Ohio  Canal.  His  services 
were  next  employed  in  surveys  made  in  1835,  under  Colonel 
Schlatter,  for  a  railroad  from  Trenton  to  New  Brunswick,  N.  J. 
A  few  years  later  he  assisted  Hother  Hage,  in  making  explora- 
tions and  surveys  from  the  vicinity  of  Harrisburg  across  the 
southern  line  counties  of  Pennsylvania  to  Pittsburgh.  He  had 
charge  of  that  portion  of  the  line  extending  from  Bedford  across 
the  Allegheny  Mountains  to  Laurel  Hill.  The  knowledge  of  the 
topography  of  Central  Pennsylvania  acquired  during  these  ex- 
plorations, enabled  him  to  point  out  a  feasible  route  for  a  railway 
through  that  region;  and  modern  engineers  have  found  their 
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labors  lightened  by  adopting  his  recommendations.  The  time, 
however,  for  building  great  lines  of  railroad  had  not  then  arrived, 
and  the  Colonel  was  obliged  again  to  turn  his  attention  to  lines 
of  water  navigation.  His  next  important  engagement  was  on  the 
Erie  extension  of  the  Pennsylvania  Canal,  where  he  served  as 
Principal  Assistant  to  William  Roberts.  In  1844  he  W£U3  con- 
cerned in  railroad  and  canal  contracts  on  the  Canada  border. 

In  1850  he  was  appointed  Chief  Engineer  of  the  Union  Canal, 
and  under  his  direction  an  enlargement  of  the  Canal  was  made, 
so  that  boats  of  greater  tonnage  could  be  floated.  While  thus 
employed,  the  first  railroad  connecting  the  Cornwall  ore  hills 
with  the  town  of  Lebanon  and  the  Canal — called  the  North  Leb- 
anon Railroad — was  constructed,  under  his  direction  as  Engineer. 

The  destructive  floods  of  1862  having  greatly  damaged  the 
Canal,  Col.  Worrall  was  authorized  to  take  charge  of  the  engineers 
appointed  by  the  Company  to  make  a  thorough  inquiry  as  to  the 
causes  of  the  floods  and  the  resultant  destruction,  as  well  as  to 
the  effects  thereof  on  the  "Branch  Canal"  and  the  "Western 
Division"  of  the  works.  His  report,  made  in  1863,  contained  a 
full  exposition  of  the  subject. 

The  Colonel  was  so  firmly  convinced  of  the  practicability  of  a 
southern  route  to  Pittsburgh,  that  he  became  a  few  years  ago  the 
leading  spirit  in  the  Sherman's  Valley  Railroad  Company,  a  cor- 
poration created  for  the  purpose  of  building  a  railroad  from  the 
Susquehanna  River  above  Harrisburg  to  Pittsburgh,  over  the 
ground  he  had  explored  in  1838.  SuflBcient  capital  could  not  be 
enlisted  to  build  the  road,  but  he  kept  the  charter  alive,  and  after 
disposing  of  it  to  the  South  Pennsylvania  Railroad  Company,  he 
had  the  proud  satisfaction  of  knowing  that  the  work  of  construc- 
tion had  actually  been  commenced  on  the  line  he  had  long  advo- 
cated as  being  the  shortest  and  easiest  of  gradients  of  any  pro- 
jected between  Harrisburg  and  the  Ohio. 

Under  an  Act  of  the  General  Assembly  of  the  Commonwealth, 
approved  May  8th,  1876,  a  commission  was  appointed  to  act  in  con- 
junction with  a  commission  appointed  by  the  State  of  New  York, 
to  re-survey  the  boundary  lines  between  the  two  States;  and  an  Act 
passed  May  18th,  1878,  authorized  another  commission  to  cause 
the  lines  between  this  State  and  the  States  of  Ohio  and  West  Vir- 
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ginia  to  be  re-surveyed.  Col.  Worrall  was  appointed  on  both 
commissions,  and  was  chosen  chairman  of  both.  He  discharged 
his  duties  on  these  commissions  with  characteristic  fidelity. 

The  Ohio  survey  was  finally  reported  upon  about  two  years 
ago ;  but  the  Colonel  did  not  survive  the  completion  of  the  work 
on  the  other  lines. 

In  1866  he  was  appointed  Fish  Commissioner  for  Pennsylvania, 
and  subsequently,  on  the  creation  of  the  Board  of  Fishery  Com- 
missioners, he  served  the  Board  as  its  Actuary.  In  1868  he  re- 
ceived an  appointment  from  the  Surveyor-General  to  make  a  sur- 
vey and  an  estimate  of  the  expense  of  reclaiming  the  land  in 
Crawford  County,  known  as  the  Conneaut  and  Pymatuning 
marshes.  This  work  was  intelligently  performed,  and  its  results 
were  embodied  in  a  report  made  to  the  General  Assembly. 

The  Assembly  which  adopted  a  coat  of  arms  for  the  Common- 
wealth, during  the  stirring  days  of  the  Revolution,  neglected  to 
cause  an  official  emblazonment  of  it  to  be  placed  in  the  State  ar- 
chives, and  the  innovations  made  during  the  century  succeeding 
— suggested  by  the  fancies  of  engravers  and  others — ^brought 
about  such  a  wide  divergence  from  the  original,  as  to  require  an 
authoritative  correction.  A  commission  was  appointed  in  1874 
to  restore  the  original.  This  commission  sought  the  aid  of  Col. 
Worrall,  and  he  entered  upon  the  work  with  great  enthusiasm. 
A  report  embracing  the  results  of  his  own  and  his  colleagues'  la- 
bors, and  accompanied  with  the  restored  arms,  properly  embla-^ 
zoned,  was  made  and  placed  on  file  in  the  office  of  the  Secretary 
of  the  Commonwealth. 

About  five  years  ago,  under  authority  of  the  United  States  Gov- 
ernment, he  prepared  from  his  own  explorations  and  the  investi- 
gations of  other  engineers,  an  elaborate  report  on  the  practica- 
bility of  restoring  water  communication  between  the  Atlantic  sea- 
board and  the  Ohio  River.  The  report  was  accompanied  with 
maps  and  plans  illustrative  of  the  proposed  improvement. 

In  various  other  public  improvements  his  professional  services 
were  engaged  from  time  to  time. 

Amid  the  cares  of  a  busy  life,  Col.  Worrall  found  time  to  de- 
vote attention  to  devising  a  method  for  the  relief  of  the  River 
Thames,  at  London,  of  its  accumulated  sediment ;  and  in  a  re- 
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port  on  the  subject  he  made  some  bold,  practical  suggestions. 
The  improvement  of  the  navigation  of  the  Ohio  River  also  re- 
ceived his  consideration.  For  this  improvement  he  recom- 
mended the  "  Jetty  "  system. 

Through  the  Austrian  Consul,  in  1882,  he  was  invited  to  con- 
tribute to  a  work  undertaken  by  the  Chief  Engineers  of  the  Aus- 
trian Government  on  canals,  railroads  and  magnetic  telegraphs. 
To  him  was  particularly  assigned  the  canal  system  of  Pennsylva- 
nia ;  and  so  well  was  his  duty  discharged,  that  it  elicited  from  the 
Imperial  official  named  a  highly  complimentary  acknowledg- 
ment, together  with  a  copy  of  the  completed  volume,  containing 
that  portion  relating  to  the  "  United  States  of  North  America." 

Col.  Worrall  was  tall  in  stature  and  of  commanding  presence. 
His  mind  was  active  and  well  stored  with  knowledge  acquired  by 
careful  reading,  and  experience  gained  in  long  years  of  profes- 
sional service.  While  taking  an  interest  in  the  events  occurring 
in  the  world  around  him,  engineering  problems  and  achievements 
received  his  most  earnest  attention.  In  conversation  he  was  en- 
tertaining and  instructive;  in  social  life  unexcelled  in  courtesy; 
And  in  the  line  of  official  duty,  attentive,  exact  and  faithful. 

J.  Simpson  Africa,  Chairman,  \ 

L.  M.  Haupt,  >  Committee. 

A.  E.  Lehman,  J 
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ANNUAL  REPORT  OF  THE  SECRETARY  AND  TREASURER. 

Fob  thx  Fiscax  Teas  1885. 
Premited,  January  9thj  1886. 

To  the  Officera  and  Members  of  the  Engineers^  Clvb  of  Philadelphia : 

Oenttemen: — I  have  the  honor  to  present  the  following  state- 
ment of  the  receipts  and  expenditures  for  the  fiscal  year  from 
January  10th,  1885,  to  January  8th,  1886,  both  inclusive. 

Howard  Murphy,  Secretary  and  Treaswrer,  in  account  vrUh 

The  Engineers*  Club  of  PhUaddphia. 


DR. 

Balance  on  hand  Jan.  9th,  1885, 

Initiation  fees — Active  Members, 

"  "       Associate    " 

Dues,  1881,  Resident,     . 

1883,  Non-resident 

1884,  Resident, 
"      Non-resident, 

1885,  Resident,     . 
Non-resident, 
Associate,    . 

1886,  Resident,     . 
Non-resident, 
Associate,    . 

Subscriptions  to  Proceedings, 
Sales  of  Proceedings — Members, 
"     "  "  Non-members, 

Advertisements,  1882, 

1888, 
1884, 
1885, 
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« 
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(( 


« 
« 
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Key'deposits, 
Sundries, 


54  25 
22  50 


$360  00 
30  00 

1  00 
5  00 

76  75 


$121  95 


390  00 


1755  00 
652  50 
52  50  2460  00 

600  00 
155  00 
15  00  770  00  3312  75 

15  00 
19  91 
12  00 


46  91 


12  00 

42  00 

474  00 

306  00 


834  00 

4  75 
46 

$4710  82 
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Expense  at  Rooms  1523  Chestnut  St., 
Jan.  1st  to  June  80th: 

Rent, $325  02 

Gas, 11  22 

Janitor, 12  00 

Laundry, 1  70    349  94 

Expense  at  House  1122  Girard  St., 
July  1st  to  Dec.  31st: 

Rent, 500  00 

Gas,  Oct.  16th  to  Nov.  18th,        .        .  7  68 

Coal  oil  for  janitor,              .        .        .  1  30 
Coal^Small  Stove,  $36.75;  Egg,  $21.00,  57  75 

Janitor,  Aug.  6th  to  Dec.  31st,    .        .  72  58 

Sundry,       .        .        .        .  '     .        .     40    639  71 

Ice, 20  75 

Sundry  expenses  of  quarters  for  year,         6  52      27  27  1016  92 

Salary  of  Secretary  and  Treasurer,     .        .         1000  00 

aerk, 103  90  1103  90 

Proceedings — ^Vol.  IV,  No.  3,  balance,  .  .    46  00 

"   "   "  4,   "  .  .  156  25 

"   "   "  5,   "  .  .  402  62 

«  V,  "  1,  .  .  284  11 

"   "  "2,  .  .  312  78  1201  76 

Reference  Book, .  55  40 

List  of  Members,  March,  1885, 59  29 

Constitution  and  By-Laws, 18  49 

Printing  and  Stationery : — 

Notices  and  Records  and  Elections,     .        .  246  87 
Miscellaneous,  *    .        .        .        .        .        .    93  86    340  73 

Postage,       .        ........        .        .        .  242  88 

City  Directories,          .    , 6  50 

Messenger,  telegraph  and  express  service,  .  .  7  98 
Expense  of  appeal  to  Secretary  of  the 

Treasury  as  to  liability  to  Customs 

duty, — brokerage,  etc., 20  39 
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Packing  and  shipping  of  imported  pamphlets, 
Custon^  duty,  prior  to  decisbn  of  free  entry, 
Key  deposits  returned,        .... 
Christmas  gifts  ordered  by  Board, 

Sundries, 

Cash  on  hand  January  8thy  1886, 


9  01 

1  08 

1  75 

15  00 

34 

609  40 

$4710  82 

The  following  are  the  closely  approximate  assets  of  the  Club, 
in  addition  to  its  library  and  furniture. 

Cash  balance  Jan.  8th,  1886, $609  40 

Due  from  Members  to  date,  initiation  fees  and  dues,    .  412  14 

Due  for  advertisements, 445  00 

Due  for  Proceedings,  etc.,      .        .        .        .                .  31  93 

$1498  47 


The  only  liabilities  of  the  Club  are  for  gas  used  since  Nov.  18th, 
for  which  bill  has  not  been  presented;  and  less  than  $5  for 
printing  now  in  progress ;  or,  in  all,  about  $15.  Our  net  assets 
are,  therefore,  about  $1483. 

However,  to  properly  compare  these  with  those  of  last  year 
($825),  the  advance  dues  should  be  subtracted  from  each;  which 
would  give  $781  for  last  year,  and  $728  for  this  year.  This  differ- 
ence of  $53  looks,  by  itself,  like  a  decrease  of  prosperity,  but  by 
no  means  is  it  when  considered  with  the  fact  that  our  actual  ex- 
penditures during  this  year  were  $706.37  in  excess  of  those  of 
last  year. 

MEETINGS. 

Regular       * 8 

Business       .        .        .        .        .5 
Special  Business  (prior  to  the 
adoption  of  the  new  By-Laws)      4 

Total 17 

The  Board  of  Directors  have  held  13  Business  Meetings. 

ATTENDANCE. 

Members,  total,    .... 

"       average, 
Visitors,  total       •        .        •        . 


1885. 

1884. 

712 

604 

42— 

84— 

46 

72 
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Continuing  the  Membership  Table  from  my  last  Report  (VoL 
IV,  No.  5,  p.  385)  we  have 

HON.        GOB.       ACT.    ASSOC. 

Membership  at  end  of  fiscal  year  1884,    3  5        363        0 

Additions, 73        6 


436 
Transferred  from  Active  to  Associate,  2 


434 
Deceased, 4 


430 
Resignations, 7 


3            5  423        8 

The  net  increase  of  Membership  has  been  18^  per  cent 
The  residence  of  our  Active  Membership  is  now  as  follows : 

Philadelphia, 226 

Pennsylvania,  outside  of  Philadelphia,  101 

New  York, 29 

Virginia, 13 

New  Jersey, 9 

Delaware, 4 

Colorado,  ......  4 

Massachusetts, 3 

Maryland, 3 

Minnesota, 3 

Illinois, 3 

Missouri, 3 

Connecticut, 2 

North  Carolina, 2 

Georgia, 2 

Rhode  Island, 

Alabama, 

Texas, 

Michigan, 

Indiana,        .        ... 

Ohio, 
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Iowa,     .... 

Kansas,     .... 

Arkansas, 

Arizona,    .... 

District  of  Columbia, 

Austria, 

Japan,   .... 
New  Zealand,    . 
Brazil,  .... 
United  States  of  Colombia, 


Total, 423 

We  have  therefore  226  Active  Members,  or  53-^  per  cent.,  re- 
siding within,  and  197,  or  46^  per  cent.,  residing  without,  the 
city  limits. 

The  deaths  have  been  four:  David  Hudson  Shedaker,  and 
James  Worrall,  at  the  end  of  long  and  useful  lives;  Theodore 
Bergner,  in  the  prime  of  life,  and  Dwight  E.  Pierce,  just  as  he  had 
entered  upon  well-deserved  prosperity.  It  can  be  honestly  said 
that  all  these  were  remarkable  men,  and  that  their  loss  to  the  Club 
is  a  loss  to  be  felt. 

The  following  original  papers  have  been  read  before  the  Club 
during  the  year: 

Phoenix ville  Tunnel,  Penna.  Schuylkill  Valley  R.  R.,  by  M^ 
Van  Harlingen. 

Sources  of  Pollution  in  Storage  Reservoirs,  by  A.  Harvey 
Tyson,  with  Discussion  by  C.  G.  Darrach  and  Dr.  H.  M.  Chance. 

Strengthening  of  the  West  Main  Abutment  of  Chestnut  Street 
Bridge,  by  J.  Milton  Titlow,  with  Discussion  by  Prof.  L.  M.  Haupt, 
Howard  Murphy,  C.  G.  Darrach,  Rudolph  Hering,  Dr.  H.  M. 
Chance,  and  the  Author. 

Construction  of  Street  Railways  in  the  United  States,  by  Wm. 
Wharton,  Jr. 

Isthmian  Transits,  by  P.  C.  F.  West. 

Latitude  and  Departure  Method  of  Calculating  Areas,  by  E.  S. 
Hutchinson. 

Water  Works  of  Columbus,  Ga.,  by  Jacob  H.  Yocum. 

Fast  Passenger  Locomotives,  by  T.  E.  Austin. 
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Connoction  of  the  Baltimore  and  Ohio  R.  R.  with  the  Phila, 
and  Reading  R.  R.  through  the  City  of  Philadelphia,  by  C.  W. 
Buchholz. 

Stereographic  Projection,  by  Prof.  L.  H.  Barnard. 

Sand  Bag  Embankment  to  Close  Little  Inlet  on  Brigantine 
Beach,  N.  J.,  by  P.  T.  Osborne. 

Relative  Costs  of  Fluid  and  Solid  Fuels,  by  James  Beatty,  Jr. 

Repairs  to  the  Conduit  of  the  Philadelphia  Traction  Company, 
by  Prof.  L.  M.  Haupt. 

A  Cheap  Cement  Testing  Machine,  by  P.  F.  Brendlinger. 

Adaptation  of  Steel  to  Structural  Work,  by  James  Christie, 
with  Discussion  by  Thos.  M.  Cleemann,  Prof.  W.  H.  Burr  and  the 
Author. 

Specifications  as  Affecting  the  Dimensions  of  Iron  Railroad 
Bridges,  by  Jno.  S.  Elliott. 

Masonry  Arches,  by  J.  Foster  Crowell. 

Engineering;  Its  Achievements  and  Its  Reward,  by  C.  W. 
Buchholz. 

The  following  Contributions  have  been  made  to  the  Club  Refer- 
ence Book : 

Scales  of  Maps  (Revision),  by  Prof  L.  M.  Haupt. 

Table  of  Chains  Reduced  to  Feet,  by  H.  W.  Clarke. 

The  Polar  Planimeter,  by  John  T.  Boyd. 
•    Table  for  Finding  Ordinates  to  Circular  Arcs,  by  S.  P.  Mitchell. 

Questions  upon  the  following  subjects  have  been  oflfered  for 
answer  or  discusion : 

1.  Chimnev  Draft. 

2.  Piston  Area  in  Blowing  Engines. 

The  following  Notes  and  Communications  have  been  presented: 

A  Large  Land  Dredge,  by  J.  C.  Trautwine,  Jr. 

The  Construction  and  Manner  of  Turning  of  the  Large  Hoisting 
Drums  of  the  Calumet  and  Hecla  Mining  Company,  by  Chas.  T. 
Thompson. 

Mining  Methods  in  Colorado,  by  H.  A.  Vezin. 

The  So-called  Artesian  Wells  of  New  York,  by  Howard  Murphy. 

Diagrams  for  Determining  Belts,  Pulleys  and  Shafts,  and  for 
Cast  Iron  Cogs,  by  H.  A.  Vezin. 

Recent  Locomotive  Construction,  by  Geo.  S.  Strong. 
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The  Curtis  &  Wood  Automatic  Car  Coupler,  by  John  Wood, 
Jr.,  Visitor. 

The  Wernwag  Bridge  over  the  Schuylkill  River,  at  Philadel- 
phia, by  P.  T.  Osborne. 

Sewerage  Work  at  Atlantic  City,  by  James  F.  Wood. 

The  Beaumont  Rock  Drill,  by  Jones  Wister. 

The  Air  Brush,  by  Howard  Murphy. 

Purification  of  Sewage,  by  Kenneth  Allen. 

The  Borap  Coal  Chute,  by  W.  F.  Newell,  Visitor. 

An  Improved  Protractor,  by  Kenneth  Allen. 

Pollution  of  the  Upper  Schuylkill,  by  Dana  C.  Barber,  with 
Discussion  by  President  J.  J.  de  Kinder. 

The  Coventry  Locomotive  Boiler,  by  J.  T.  Boyd. 

Appliances  for  Landing  Mine  Cars  at  the  Top  of  Slope,  by 
Walter  C.  Brooke. 

An  Instrument  for  Describing  Arcs  of  Long  Radii,  by  A.  Mari- 
chal,  Visitor. 

The  Albo-Carbon  Light,  by  F.  H.  Bowen,  Jr. 

The  Early  Water  Works  of  Philadelphia,  by  Rudolph  Hering. 

The  New  Croton  Aqueduct,  by  W.  S.  Church. 

Rack  Rail  Appliances  for  Railroads,  by  Geo.  S.  Strong. 

An  Appliance  for  Fastening  the  Floor  Timbers  of  Highway 
Bridges,  by  A.  R.  Roberts. 

Mitis  Metal  Castings,  by  P.  Oestburg,  Visitor. 

A  Movable  Dam  and  Caisson  Operating  Truck,  by  Wm.  H. 
Dechant. 

Artificial  Fuel,  by  Washington  Jones. 

The  Forth  and  Tay  Bridges,  by  Thos.  C.  Qarke. 

Respectfully  submitted, 
HowAKD  Murphy,  Secretary  and  Treasvrer. 
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AMSLER'S   POLAR    PLAN  I  METER. 
OP  tmrna  as  appuco  to  thk  areas  op  ifmeauuMi  wouwss  and 


JoHV  T.  BoTD,  Deeamber  15th,  1885. 

There  are  two  methods  of  using  the  Planimeter;  one 
when  the  needle-point  or  pole  lies  outside  the  figure  whose 
area  is  sought  to  be  determined;  and  the  other  when  the 
needle-point  lies  inside  the  figure:  the  fi)rmer  being  the 
method  most  generally  used. 

When  the  figure  is  too  large  to  permit  the  tracing-point 
to  traverse  the  entire  periphery,  it  can  be  subdivided  by 
drawing  straight  lines  through  it,  and  the  contents  of  the 
several  parts  computed  separately  and  added  together. 

Before  using  the  instrument,  see  that  the  horizontal  shaft 
of  the  roUing-wheel  is  in  adjustment  and  revolves  freely  on 
its  centres,  also  that  the  rolling-wheel  does  not  touch  the 
vernier,  and  that  the  radial-arm  carrying  the  needle-point 
moves  easily  on  its  pin-connections.  It  is  well  to  oil  the 
centres  now  and  then  to  reduce  wear,  and  great  care  should 
be  taken  to  prevent  bending  any  part  of  the  instrument,  as 
its  accuracy  largely  depends  upon  its  freedom  from  injury. 

The  following  facts  should  be  remembered :  the  figures 
0.1  sq.ft.,  10  sq.  in.,  etc.,  engraved  on  the  side  of  the  sliding- 
bar  carrying  the  tracing-point,  have  nothing  to  do  with  the 
absolute  dimensions  of  the  figure  to  be  measured,  no  matter 
whether  the  needle-point  lies  outside  or  inside  the  figure; 
they  merely  show  the  value  of  the  unit  of  reading. 

If  the  area  to  be  measured  is  drawn  on  a  reduced  scale, 
the  final  results  in  either  method  given  further  on,  are  to 
be  multiplied  by  the  square  of  the  proportion  which  the 
scale  bears  to  the  full  size  of  the  area  itself;  that  is  to  say, 

Ajusler**  PdUr  PUalm«ter~-Pace  A. 
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if  the  scale  is  i^  ^,  ^,  or  even  leas,  the  final  results  are 
to  be  multiplied  by  64, 100,  or  144,  etc.,  as  the  case  may  be. 
The  needle-point  is  to  project  but  slightly  from  its  socket, 
and  be  held  in  place  on  the  paper  by  the  small  weight 
which  accompanies  the  instrument,  as  the  needle-point  is  to 
remain  in  one  position  during  any  one  operation. 

To  FIND  THE  Area  op  any  Figure  when  the  Needle- 
point  OR  Pole  lies  outside  the  Figure. 

Bet  the  graduation  on  the  side  of  the  sliding-bar,  corre- 
sponding to  the  unit  of  measurement  in  which  the  area  is 
desired,  whether  in  square  feet,  square  inches,  etc.,  to  the 
line  on  the  square-tube  forming  the  bracket  which  carries 
the  indicating-wheels,  clamp  the  micrometer-slide  and  place 
the  instrument  on  the  paper. 

Place  the  needle-point  in  such  a  position  outside  the 
figure  that  the  tracing-point  can  freely  traverse  the  outline 
of  the  figure. 

See  that  the  rolling-wheel  travels  on  the  same  plane  as 
the  figure  to  be  measured,  and  in  case  the  drawing-paper  is 
rough,  a  sheet  of  smooth  paper  can  be  so  placed  as  to  allow 
the  rolling-wheel  to  roll  on  it  in  order  to  steady  its  motion, 
while  the  tracing-point  is  following  the  outline  of  the 
figure. 

It  is  of  no  consequence  whether  the  rolling-wheel  is,  oj 
rolls,  inside  or  outside  the  figure,  provided  it  is  on  the  same 
level ;  and  see  that  the  rolling-wheel,  the  needle-point,  and 
the  tracing-point  touch  the  paper. 

Select  any  point  on  the  outline  of  the  figure  as  a  starting- 
point,  set  the  tracing-point  on  said  point,  and  read  ofi^  the 
'  horizontal  or  counting-wheel,  the  rolling-wheel  and  the  ver- 
nier, in  the  order  here  named :  Suppose,  for  example,  the 
counting-wheel  shows  3,  the  rolling-wheel  67,  and  the  ver- 
nier 4;  the  number  will  be  3.674;  and  here  it  is  well  to 

AxMler*!  Polar  Pla&Imetcr^Pace  B. 
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state  that  the  reading  is  cUioaya*  to  be  considered  as  a  figure 
with  three  (3)  decimal  places,  as  also  the  figures  on  the  top 
of  the  sliding-bar. 

Note  this  reading,  3.674;  and  then  follow  the  outline 
with  ordinary  care — the  tracing-point  being  moved  in  the 
same  direction  as  the  motion  of  the  hands  of  a  watch  (when 
the  travel  of  the  rolling-wheel  will  in  all  cases  be  an  ad- 
vancing one,  owing  to  the  needle-point  being  outside  the 
figure),  until  the  tracing-point  returns  to  the  starting-point 
— straight  lines  need  not  be  followed  along  a  ruler — then 
read  ofi^  the  counting-wheel,  the  rolllDg-wheel  and  the 
vernier,  as  before;  and  suppose  the  second  reading  is  8.159. 

Subtract  the  first  reading,  8.674  from  the  second  reading, 
8.159,  the  remainder  is  4.485,  which  shows  the  figure  con- 
tains 4.485  units  of  reading.  Now  depending  upon  the  reg- 
ulation of  the  sliding-bar,  if  the  same  is  set  for  0.1  sq.  ft., 
the  4.485  units  are  to  be  multiplied  by  0.1  =  0.4485  sq.  ft. 
as  the  area  of  the  figure  measured  on  the  paper;  or  if  the 
sliding-bar  be  set  for  10  sq.  in.,  multiply  the  4.485  by  10  = 
44.85  sq.  in. 

The  rule  therefore  is  to  multiply  the  difference  of  the  ttoo 
readings  by  the  number  on  the  side  of  the  sliding-bar,  and 
this  product  gives  the  area  of  the  figure — which  if  drawn  on 
a  reduced  scale  must  be  treated  as  before  mentioned. 

In  measuring  large  figures  at  one  operation  it  sometimes 
happens  that  the  zero  on  the  counting-wheel  passes  the 
fixed  index-mark  on  the  bracket;  then  the  second  reading 
(in  this  case  8.159)  should  have  added  to  it  one  more  digit 
to  the  left  (making  it  18.159),  before  subtracting  the  first 
reading  from  the  second,  a  digit  being  added  for  each 
entire  revolution  of  the  counting-wheel  after  the  first  revo- 
lution. 

*  Exception.    When  nalng  the  Planlmeter  on  Indicator  Dlagrama,  the  read- 
ing ia  considered  aa  a  figure  irlth  only  one  (1)  decimal  place. 

▲aMlcr**  Polar  Plaalineter^Page  C 
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To  FIND  THE  AbEA  OP  ANY  FiGURE  WHEN  THE  NeEDLE- 

PoiNT  OR  Pole  lies  inside  the  Figure. 

Haviog  set  the  desired  graduation  on  the  sliding-bar  to 
the  line  on  the  square- tube,  place  the  needle-point  inside 
the  figure  in  such  a  position  that  the  tracing-point  can 
freely  traverse  the  outline — observing  all  the  directions 
before  given  as  to  the  other  points  in  setting  the  instru- 
ment— select  a  starting-point,  place  the  tracing-point 
thereon,  note  the  reading  of  the  indicating-wheels,  follow 
the  outline  around  and  back  to  the  starting-point,  note  the 
reading  of  wheels  as  before. 

Now  the  needle-point  being  inside  the  figure,  the  travel 
of  the  rolling-wheel  can  be  either  advancing  or  retrograde 
— which  must  be  ascertained  by  looking  at  the  counting, 
wheel  (it  is  in  most  cases  an  advancing  motion). 

If  the  zero-mark  on  the  counting- wheel  passes  the  fixed 
index-mark  on  the  bracket,  one  more  digit  is  to  be  added 
to  the  second  reading  if  the  motion  of  the  rolling-wheel  was 
an  advancing  motion ;  but  to  the  first  reading  if  the  motion 
was  a  backward  one. 

In  the  first  case  (advancing  motion)  the  first  reading 
must  be  subtracted  from  the  second  reading,  and  the  differ- 
ence of  the  two  readings  is  to  be  added  to  the  figures  en- 
graved on  the  top  of  the  sliding-bar  at  the  point  where  it  is 
set  to  the  line  on  the  square-tube,  and  this  sum  is  to  be 
multiplied  by  the  figure  on  the  side  of  the  bar  showing  the 
unit  of  reading,  the  answer  will  be  the  area  of  the  figure  in 
units  of  measurement. 

In  the  second  case,  viz. :  if  the  motion  of  the  rolling- 
wheel  be  a  backward  one,  the  second  reading  should  be 
subtracted  from  the  first  reading  in  order  to  get  the  travel 
of  the  rolling-wheel.  The  difference  of  the  two  readings  is 
then  to  be  subtracted  from  the  figure  on  top  of  the  bar, 
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and  this  result  is  to  be  multiplied  by  the  figure  on  the  Hde 
of  the  bar,  which  will  then  be  the  area  of  the  figure,  which, 
if  drawn  on  a  reduced  scale,  must  be  treated  as  before 
mentioned. 

Indicator  Diagraks  from  Steam  Engine  and  Pump 

Cylinders. 

On  some  forms  of  the  Planimeter  are  placed  two  steel 
points,  one  on  top  of  the  sliding-bar  and  one  on  top  of  the 
square  tube  forming  the  bracket.  These  points  are  to  be 
used  when  it  is  desired  to  ascertain  the  mean  pressure  in 
pounds  per  square  inch  in  steam  engine  and  pump  cylin- 
ders by  indicator  diagrams. 

The  diagram  being  fastened  down  on  some  flat  surfietoe, 
the  Planimeter  is  set  by  taking  the  whole  length  of  the 
diagram,  measured  on  the  atmospheric  line,  accurately  be- 
tween the  steel  points,  and  then  clamping  the  micrometer 
motion  to  secure  the  bar  and  points  from  moving. 

The  needle-point  is  placed  outside  of,  but  in  a  convenient 
position,  so  that  the  tracing  point  will  traverse  the  whole 
outline  of  the  diagram. 

Use  the  outside  method  described  before,  and  having  ob- 
tained the  two  readings;  the  first  reading  is  to  be  sub- 
tracted from  the  second,  which  gives  the  average  height  of 
the  diagram  in  ^ths  of  an  inch,  which,  when  multiplied 
by  the  vertical  scale  of  the  diagram,  will  give  the  mean 
pressure  in  pounds  per  square  inch. 

In  taking  readings  for  diagrams,  the  readings  are  to  be 
considered  as  figures  having  one  decimal  place. 

Thus,  if  the  first  reading  is  147.3  and  the  second  236.1, 
their  difierence  is  88.8,  which  is  the  average  height  of  the 

diagram  in  ^ths  of  an  inch,  or  -jjr-  =  2.22  inches. 

If  using  a  "30  lb.  spring"  in  the  indicator,  multiply  the 

Analfr*!  Polar  naoimeter— Pkf«  & 
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2.22  by  30  =  66.6  lbs.;  or,  if  a  "40  lb.  spring,"  2.22  X  40 
=  88.8  lbs.  per  square  inch ;  and  so  on. 

By  a  "30  lb.  spring,"  "40  lb.  spring,"  etc.,  is  meant  that 
for  every  inch  which  the  pencil  point  of  the  indicator  rises 
vertically,  30  or  40  lbs.  per  square  inch  steam  pressure, 
depending  on  which  spring  was  employed,  has  been  used 
to  raise  the  piston  in  the  indicator;' so  that  the  vertical 
scale  of  the  diagram  is  determined  by  the  spring  used  at 
the  time  of  taking  the  diagram,  or  card,  as  it  is  sometimes 
called. 

▲malcr't  P»l«r  PlmalBMlar— P»(«  V. 


268  Noiea  and  QmimuniccUioM.  [Pxoc  Eng.  Club| 

NOTES  AND  COMMUNICATIONS. 


THE  COVENTRY  IX>COMOTrVE  BOILEB. 

Bbottlab  MebtikOi  October  17th,  1885. — ^Mr.  John  T.  Boyd  presented  an  illus- 
trated description  of  the  Coyentiy  Looomotiye  Boiler,  which,  he  said,  is  probably  the 
latest  novelty  in  looomotive  oonstmction. 

It  was  built  at  the  Brooks  Locomotive  Works,  Dunkirk,  New  York,  and  placed  on 
one  of  their  standard  17  in.  x  24  in.  engines,  with  61  in.  drivers.  The  economy  of  the 
boiler  as  a  steam  generator  has  not  been  made  public,  but  while  in  service  on  the  New 
York  Division  of  Penna.  B.  R  it  has  proved  to  be  almost  absolutely  free  iiom  smoke 
and  cinder  dischaiging  qualities.  The  boiler  is  of  the  straight-top  return-tubular  type, 
is  made  of  Otis  steel  throughout,  and  is  remarkable  in  having  but  two  barrel-sections^ 
excluding  the  smoke-box. 

The  stack  is  "  behind  instead  of  before,''  and  is  located  over  the  front  end  of  what 
might  be  called  the  upper  crown-sheet,  which  forms  the  bottom  of  the  back  com- 
bustion-chamber,  which  is  directly  over  the  fire-box,  the  stack  itself  rising  from  top  of 
boiler  between  the  cab  and  dome.  The  crown-sheets  aro  self-sustained  by  long  stay- 
bolts  opposing  the  pressure  in  inside  of  boiler. 

Access  to  the  back  combustion-chamber  is  had  by  means  of  a  man-hole  in  the  rear- 
head  of  boiler,  through  which  the  exhaust  nozzles  and  lift-pipes  are  put  in  position. 

The  lower,  or  2-inch  tubes,  are  arranged  as  in  the  ordinary  locomotive,  while  the 
upper,  or  3-inch  tubes,  are  grouped  around  the  dry-pipe  as  it  passes  from  the  dome  to 
the  '*T''  head  in  smoke-box. 

In  order  to  get  the  exhaust  steam  from  the  cylinders  into  the  stack,  side  pipes  pro- 
vided with  expansion  joints  after  leaving  the  smoke-box,  are  placed  outside  of  but 
close  to  the  boiler-jacket,  and  enter  the  back  combustion-chamber  close  to  the  base  of 
the  stack. 

The  throttle-lever  is  turned  ''upside  down"  to  get  a  pulling  motion  to  open  the 
throttle,  and  the  rod  is  forked  to  pass  around  the  stack  at  its  base,  in  order  to  reach 
the  bridge-pipe  at  dome. 

The  steam-supply  for  injectors,  air-brake  pump,  heater-cocks,  cylinder-oilers,  blower, 
etc.,  is  brought  from  bridge-pipe  in  two  pipes,  one  on  each  side  of  boiler. 

The  mud-ring  in  water-leg  is  shaped  to  take  the  curved  sides  of  the  back-head,  and 
allow  the  outside  side-sheets  of  the  firebox  to  lie  straight  against  the  edge  of  the  ring^ 
thereby  reducing  ''scarfing''  the  edges  of  the  back-head  to  a  minimum,  if  not  dispens- 
ing with  the  "scarfing"  altogether. 

The  boiler  is  61  in.  diameter,  23  ft.  4^  in.  long,  and  is  of  ^inch  steel.  The  barrel 
contains  152  2-inch  and  43  3-inch  tubes,  each  11  ft  5}  in.  long.  The  firebox  inside  is 
5  ft.  10  in.  long  x  34  in.  wide,  and  crown-sheet  about  4  ft.  above  grates.  Total  heat- 
ing surface  is  about  1276  sq.  ft.    Weight  of  boiler  alone  is  23,000  lbs. 


THE  EABIiT  WATER  SUPPLY  OF  PHIIiADELPHIA. 

BU8INI88  Meetino,  NOVEMBER  7th,  1885. — ^Mr.  Budolph  Hering  read  some  inter- 
esting extracts  from  a  Report  of  the  Oommittteefor  the  IniroductUm  oj  WhifMMmt  Water 
into  the  OUy  of  Philadelphia,  1801,  as  follows : 
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The  Committee  for  superintending  the  introduction  of  Wholesome  Water  into  the 
CSty  report,  that  from  the  nature  of  the  business  which  they  have  been  called  on  to 
•dii-ect,  it  has  been  impracticable,  during  its  progressive  state,  to  render  as  frequent  and 
detailed  reports  to  Councils  as  would  otherwise  have  been  agreeable.  While  the  works 
were  so  circumstanced,  that  every  part  of  them  was  daily  assuming  a  new  aspect,  the 
difficulty  of  furnishing  very  minute  and  complete  statements  of  the  expenditures  and 
condition  of  each  department,  must,  in  an  undertaking  so  extensive,  interesting,  and 
novel,  appear  obvious  to  every  one. 

In  addition  to  the  information  which  has,  from  time  to  time,  been  laid  before  Coun- 
cils, the  Committee  have  now  the  pleasure  of  presenting  a  view  of  the  subject,  which 
they  flatter  themselves  will  be  acceptable.  It  contains  an  accurate  statement  of  the 
situation  of  the  works  on  the  first  of  October. 

The  Basin  may  be  considered  as  completed,  except  as  to  the  coping  of  the  wall.  It 
is  entirely  out  of  danger,  and  conceived  to  be  sufficiently  substantial  to  resist  the  utmost 
force  of  the  waters  in  the  most  rigorous  seasons.  The  coping  may  be  finished  before 
Winter,  as  part  of  it  is  already  done,  and  preparations  made  for  the  completion  of  the 
residue.  The  whole  cost  of  this  article,  so  far  as  it  has  gone,  is  twenty-two  thousand 
one  hundred  and  seventy-eight  dollars  and  thirty-three  cents.  The  additional  expense 
will  be  trifling. 

The  Canal  which  leads  from  the  Basin  and  connects  with  the  lower  Tunnel  is  com- 
pleted, except  as  to  coping  the  wall  and  sluice.  Stone  has  been  collected  for  that  use, 
and  may  be  wrought  and  set  at  any  time.  There  has  been  expended  in  digging,  wall- 
ing, and  materials,  on  this  object,  three  thousand  four  hundred  and  thirty-eight  dol- 
lars and  sixty-nine  cents;  besides  which  the  Canal  Sluice  cost  two  thousand  two 
hundred  and  sixty-four  doUars  and  forty-three  cents. 

The  Lower  Tunnel  wants  nothing  but  an  iron  grating  to  render  it  complete.  It 
cost  six  thousand  nine  hundred  and  twenty-one  dollars  and  ninety-three  cents. 

The  Lower  Engine  House  is  finished,  so  far  as  respects  the  purpose  to  which  the 
engine  is  now  applied.  When  the  extra  power  shall  be  used  for  mechanical  purposes, 
it  will  be  necessary  to  complete  the  cellar  at  the  north  end ;  but  this  is  rather  a  matter 
of  concern  to  the  contractor  than  to  the  corporation.  This  building  wsa  erected  on  a 
larger  scale,  and  at  a  considerable  increase  of  expense  for  his  accommodation,  and, 
whenever  the  extra  power  shall  come  into  operation,  this  will  form  a  fair  item  of 
charge  against  the  party  who  may  use  it.  The  house  cost  eleven  thousand  one  hundred 
and  sixty-one  dollars  and  sixty-four  and  an  half  cents.  The  stone  for  walling  up  the 
cellar  is  in  readiness,  and  the  doors  and  window-sashes  nearly  prepared  to  be  fixed  in 
their  places.  The  Engine  Well  in  this  house  cost  nine  hundred  and  fifty-two  dollars 
and  sixty-eight  and  an  half  cents.  A  small  additional  expense  will  be  incurred  in  coping 
this  well,  and  the  pump-chamber  adjacent  to  it. 

The  Upper  Tunnel  may  require  some  pointing.  In  other  respects  it  is  finished,  and 
cost  twenty-six  thousand  one  hundred  and  twenty  dollars  and  fifteen  and  an  half  cents. 
The  Centre  Square  Engine  House  has  already  cost  forty  thousand  five  hundred  and 
thirty-two  dollars  and  seventy-one  cents.  It  is  not  quite  completed ;  but  nearly  all 
the  marble  is  set  or  prepared,  and  may,  together  with  the  masonry,  be  finished  this 
Fall.  The  carpentry  is  also  in  a  state  of  great  forwardness,  and  may  be  accomplished 
in  the  Winter.  It  is  probable  that,  in  addition  to  the  sums  which  have  been  expended 
on  this  building,  the  marble  mason  will  have  a  demand  for  about  eight  thousand  dol- 
lars, for  marble  prepared  but  not  yet  measured.  The  permanent  Reservoir,  ordered 
VOL.  v.— 18. 
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by  the  Committee  to  be  of  timber,  is  now  fitting  up  in  this  hoiue,  and  indnded  in  the 
expense.    It  will  be  ready  to  receive  the  water  in  the  ooarae  of  two  or  three  weeks. 

In  the  Distribntion  much  dificulty  has  been  experienced  on  account  of  the  leakage 
of  the  pipes  of  conduit,  and  the  devices  connected  with  them.  Most  of  those  difficul- 
ties have  been  surmounted.  Perseverance,  and  that  knowledge  which  is  only  to  be 
acquired  by  experience,  will,  it  is  hoped,  finally  prevail  over  the  rest.  In  the  opinion 
of  some  gentlemen,  iron  has  been  thought  to  be  the  best  material  for  pipes;  and,  in 
order  to  procure  a  fair  experiment,  the  Conunittee  have  obtained  a  few  feet,  which  are 
now  at  the  Centre  Square,  and  appear  to  be  well  cast.  Directions  have  been  given  to 
place  these  pipes,  fourteen  in  number,  each  six  feet  long,  under  the  greatest  pressure 
of  the  water,  in  order  to  prove  a  method  of  securing  their  joints,  which,  it  is  supposed, 
will  be  substantial,  and  cheaper  than  the  common  mode. 

The  plan  of  the  Hydrants  that  were  first  used  has  been  whoUy  rejected,  and  an* 
other,  which  answers  better,  substituted.  Of  the  latter,  thirty-seven  are  now  fixed  in 
different  parts  of  the  city,  and  six  more  are  in  readiness  for  the  same  use. 

The  number  of  private  houses  supplied  with  Schuylkill  water  is  sixty-three,  of 
which  twenty-seven  belong  to  applicants,  and  thirty-six  to  subscribers  to  the  loan. 
Four  breweries  and  one  sugar  refinery  also  draw  their  supply  from  the  same  source. 
Nor  is  there  a  doubt  but  the  great  and  increasing  value  of  the  water,  for  culinary  and 
other  purposes,  will  induce  a  very  general  demand  for  it,  whenever  the  distribution 
shall  be  more  widely  extended,  and  be  in  a  more  perfect  state. 

Under  this  head  of  expense  is  included  the  pipes  of  conduit,  and  all  the  devices  at- 
tached to  them,  the  distributing  chest,  and  the  descending  main  leading  to  it  from  the 
reservoir  in  the  Centre  Square  Engine  House.  The  whole  expense  now  incurred  is 
thirty-one  thousand  four  hundred  and  twenty-two  doUars  and  twenty-two  cents.  There 
are  now  laid  twenty-nine  thousand  nine  hundred  and  sixty-three  feet  of  pipe  in  dif- 
ferent parts  of  the  city,  and  it  is  a  very  desirable  object  to  have  the  distribution  as 
generally  extended  the  ensuing  season  as  circumstances  will  allow,  not  only  as  it  re- 
spects the  increase  of  the  corporate  revenue,  but  the  convenience  and  aoconunodation 
of  the  citizens.  The  impracticability  of  procuring  suitable  logs  last  Spring,  prevented 
the  Committee  from  laying  as  many  as  they  could  have  wished,  and  as  would  have 
been  advisable. 

The  Engines  have  cost  the  Corporation  thirty-one  thousand  eight  hundred  and 
eighteen  dollars  and  thirty-two  cents,  exclusive  of  nine  hundred  and  forty-two  dollars 
and  eighty-one  cents^  paid  for  the  frames  on  which  they  are  supported.  Hitherto  they 
have  operated  well,  nor  can  there  be  a  doubt  of  their  fully  answering  the  purposes  of 
the  city. 

The  Committee  have  given  directions  for  the  immediate  erection  of  two  additional 
lioilers,  agreeably  to  the  original  design,  to  guard  against  any  inconvenience  which 
might  arise  from  accidents  to  those  which  are  in  use.  They  are  manufacturing  at  the 
expense  of  the  contractor  for  the  engines,  and  his  account  will  accordingly  be  charged 
with  all  the  moneys  which  may  be  disbursed  in  their  completion. 

The  Engines  cannot,  in  their  present  condition,  pump  three  millions  of  gallons  of 
water  in  each  and  every  twenty-four  hours;  but  they  may,  by  an  enlargement  of  the 
working  barrels  of  the  pumps,  be  easily  made  to  throw  up  even  a  larger  quantity;  and 
the  contractor  is  bound,  whenever  the  Corporation  shall  require  it,  so  to  alter  the  en- 
gines that  they  shall  pump  the  quantity  required  by  contract. 
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The  Engineer,  by  special  articles  of  agreement,  was  entitled  to  receive  six  thousand 
three  handred  and  fifty  dollars  as  a  full  compensation  for  his  services,  on  the  comple- 
tion of  the  work  in  all  its  parts.  This  sum  he  has  drawn  for,  and  it  has  been  paid  to 
him  within  about  twelve  dollars.  It  is  proper  in  this  place  to  observe,  that  he  de- 
manded one  thousand  nine  hundred  and  twenty-five  dollars  more  than  his  stipulated 
compensation,  on  grounds  which  the  Committee  deemed  inadmissible.  The  demand 
was,  therefore,  rejected.  The  salary  of  John  Davis,  who  has  been  with  the  Committee 
from  the  commencement  of  the  undertaking,  and  whose  employment  as  clerk  of  the 
works  has  been  very  essential  and  satisfactory,  amounts  to  two  thousand  three  hundred 
and  thirteen  dollars.  And  the  salary  of  James  Todd,  the  accomptant,  an  officer  equally 
deserving  and  useful,  has,  during  the  same  period,  amounted  to  one  thousand  nine 
hundred  dollars.  And  there  has  been  paid  to  another  person,  as  a  salary,  three  hun- 
dred and  seventy-two  dollars  and  seventy-five  cents. 

Notwithstanding  a  distinct  head  of  the  several  objects  of  expense  has  been  carefully 
preserved ,  yet  it  has  happened  that  expenses  have  been  incurred,  which,  although 
chargeable  to  the  whole,  could  not,  with  facility  and  clearness,  be  assigned  in  the 
proper  proportion  of  the  parts.  Thus,  there  has  been  paid  for  scaffolding ;  shops,  for 
the  accommodation  of  the  different  workmen  employed;  lime-houses;  fences;  tools 
and  utensils ;  including  also  all  the  wages  paid  to  the  carpenters,  the  sum  of  sixteen  thou- 
sand three  hundred  and  five  dollars  and  twenty-nine  cents.  To  the  smiths,  including^ 
expenses  of  erecting  forges,  cost  of  coals,  iron,  etc.,  two  thousand  three  hundred  and 
twenty-nine  dollars  and  twelve  cents.  To  men  employed  in  sawing  scantling,  etc.,  nine 
hundred  and  thirty-seven  dollars  and  sixty-six  cents.  For  glass  and  other  materials 
for  the  buildings,  six  hundred  and  sixty-nine  dollars  and  seventeen  cents.  And  for 
shingles,  some  of  which  have  been  used  in  both  buildings,  and  some  remain  unused, 
five  hundred  and  sixty-five  dollars  and  forty* one  cents. 

The  Centre  Square  has  been  partially  levelled  and  planted  with  trees,  with  the  view 
of  affording  an  agreeable  and  useful  place  of  recreation  to  the  citizens.  The  expense 
attending  this  object  amounts  to  one  thousand  one  hundred  and  ninety-five  dollars  and 
eighty-two  cents. 

To  the  workmen  liquor  has  been  supplied  to  the  amount  of  eight  hundred  and 
ninety-eight  dollars  and  forty-four  cents.  To  the  marble  mason  there  has  been  paid, 
on  account  of  marble  prepared  but  not  measured,  eight  hundred  and  nineteen  dollars 
and  sixty-five  cents.  Some  materials  have  been  sold  to  individuals,  who  still  stand 
charged,  on  that  account,  with  one  hundred  and  thirty-six  dollars  and  eighty-four 
cents. 

Other  expenses  have  arisen  from  the  purchase  of  stationery,  advertizing,  printing 
water  loan  certificates,  making  out  water  tax  books,  drawing  mortgages,  contracts,  etc. 
These  amount  to  one  thousand  seven  hundred  and  ninety-six  dollars  and  seventy-six 
cents. 

The  total  amount  of  expenses  incurred  on  account  of  the  Water  Works  is  two  hun- 
dred and  twenty  thousand,  three  hundred  and  ten  dollars  and  fifty-five  and  an  half 
cents.* 


*  The  original  eBtimate  of  the  Engineer  for  the  entire  completion  of  the  works  la  one  hundred 
and  twentj-aeren  thonaand  dollara,  Including  one  hundred  and  fonr  thoaaand  feet  of  pipe,  of 
which  twentj-nine  thoaaand  nine  hundred  and  aixty  three  hare  been  laid. 
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Respecting  the  period  when  the  works  may  he  completed,  the  Committee  need  only 
observe,  that  whenever  Councils  shall  give  directions,  and  provide  adequate  meao% 
the  whole  may  be  finished  in  a  very  short  time. 

By  order  of  the  Committee  for  Supplying  the  City  with  Wholesome  Water, 

John  Milleb,  Jumb.,  Chairman, 


TH£  AUSO-GARBON  LIGHT. 

BusiHEBS  Meetino,  NOVEMBER  7th,  1885. — Mr.  F.  H.  Bowen,  Jr.,  presented  the 
following: 

The  Albo-Carbon  Light,  an  English  invention,  in  use  in  England  and  on  the  Conti- 
nent about  four  or  five  years,  and  lately  in  this  country,  is  merely  a  light  made  by  the 
consumption  of  coal,  natural,  oil,  or  water  gas,  gasoline,  etc.,  enriched  with  carbon. 

The  means  of  attaining  this  end  are  very  simple. 

The  carbon  is  obtained  from  volatile  hydrocarbons,  such  as  naphthaline,  heavy  oils, 
etc.,  which  are  slowly  vaporized  in  a  suitable  chamber,  the  yapor  mixing  with  the  gas 
immediately  before  consumption.  Attempts  have  been  made  to  place  the  carburetting 
material  some  distance  from  the  burner,  but  these  have  failed,  owing  to  the  clogging 
of  the  pipes  by  the  condensation  of  the  vapor,  a  temperature  of  at  least  170°  Fahr. 
being  necessary  to  maintain  a  vaporous  state. 

With  the  present  form  of  light  the  carbon  is  supplied  by  a  substance  known  com- 
mercially as  Albo-Carbon,  a  pure,  white,  refined  form  of  naphthaline,  extracted  from 
the  dead  oil  of  tar,  and  cast  into  sticks  about  the  size  of  candles.  At  present  this  is 
manufactured  only  in  England. 

The  enriching  apparatus  consists  of  a  chamber  containing  the  albo-carbon,  and  pro- 
vided with  a  suitable  arrangement  of  pipes  by  which  the  gas  is  made  to  circulate 
among  the  pieces  of  albo-carbon  and  then  led  to  the  burner.  The  albo-carbon  in  the 
large  or  cluster-lights  is  vaporized  by  the  gas  itself,  which  has  been  previously  heated 
by  circulating  through  a  hollow  disk  situated  immediately  above  the  flame.  This 
previous  heating  of  the  gas  also  increases  its  illuminating  power.  In  the  small  fix- 
tures there  is,  over  the  flame,  a  piece  of  metal  fastened  directly  to  the  carburetting 
chamber,  which,  by  its  conductivity,  heats  the  chamber,  and  thus  vaporizes  the  albo- 
carbon.  The  tubing  is  provided  with  a  three-way  cock,  by  which,  shonld  the  supply 
of  carbon  be  so  great  as  to  cause  smoking,  the  gas  may  be  led  directly  to  the  burner, 
or  part  of  the  gas  so  led,  and  part  led  through  the  albo-carbon,  thus  lowering  the 
amount  of  enrichment. 

The  containing  chamber  never  needs  cleaning,  the  volatilization  always  being  perfect. 
Experiments  showed  that  five  feet  of  gas  burned  per  hour,  with  a  standard  argand 
burner,  at  a  pressure  of  ^q^^  equaled  17.20  candles,  and  that  the  same  amoimt  of  car- 
bnretted  gas  equaled  40.62o  candles,  or  2.36  times  the  power  of  the  standard  argand. 
This  was  with  the  small  generator,  where  the  carbon  is  heated  directly.  With  the 
largest  cluster-lights,  48  burners,  where  a  higher  temperature  of  gas  is  obtained,  11 
candles  to  one  foot  of  ordinary  16-candle-powergas  results. 

After  careful  investigation  and  exhaustive  competitive  trials,  this  light  has  been 
adopted  in  the  cars  of  the  Chemin  de  Fer  du  Nord,  in  France,  and  is  now  in  successful 

use. 

Prominent  among  the  many  large  buildings,  railroad  stations,  etc.,  lighted  by  this 
system  that  might  be  mentioned  as  examples,  are :  The  Victoria  Station  of  the  London 


Phila.,  1886,  V,  8.]  Notes  and  Communications.  27S 

and  Brighton  II.R.,  the  Grand  Depot,  St.  Pancrai),  London,  and  all  other  stations  of  the 
Midland  Railway  Company,  and  the  stations  of  the  Buenoe  Ayres  Railway. 

The  advantages  claimed  for  this  light  are :  simplicity  and  cheapness  of  plant,  the 
fixtures  may  he  connected  without  any  alteration  of  existing  mains,  meters,  piping  or 
general  arrangement;  economy,  assuming  the  cost  of  gas  at  $1.60  per  thousand  cubic 
feet,  the  present  Philadelphia  rate,  and  adding  40  cents,  the  cost  of  the  carhon — about 
four  pounds  being  consumed  with  each  one  thousand  feet  of  gas  burned — we  would 
have  for  $2.00  an  illumination  that  exceeds  that  from  3,000  feet,  as  per  experiment, 
burnt  in  the  ordinary  manner,  at  a  cost  of  $4.80 ;  a  gain  of  $2.80  per  thousand  feet ;  a 
brilliant,  white  and  steady  light;  safety,  the  albo-carbon  being  non-explosive;  sani- 
tary, the  amount  of  gas  consumed  and  heat  generated  in  combustion  of  albo-carbon  gaa 
is,  light  for  light,  much  less  than  in  use  of  ordinary  burner,  the  air,  consequently,  being 
vitiated  to  a  much  leas  degree. 


THE  NEW  CROTON  AQUEDUCT. 

REOUI.AB  Meeting,  November  21  st,  1885. — The  Secretary  presented,  for  Mr.  W. 
S.  Church,  a  large  number  of  photographs,  tracing,  pamphlets  and  other  documents, 
illustrating  the  design  and  progress  of  the  New  Croton  Aqueduct,  and  read  two  com- 
munications  from  Mr.  Church.  He  says:  "The  *  (ground*  through  which  the  tunnel 
is  advancing,  is  largely  gneiss  with  considerable  limestone,  felspar,  and  occasional 
quartz  seams.  The  dips  are  so  vertical  that  much  roof  rock  comes  away.  This 
trouble  is  increased  by  the  too  free  use  of  high  explosives  near  the  perimeter  of  the 
vertical  section,  ko  that  the  area  excavated  runs  from  25  to  50  per  cent,  in  excess'." 

"  A  most  careful  system  of  measuring  and  recording  just  what  is  excavated  is  being 
carried  out.  A  vertical  dial,  which  the  boys  call  '  The  Sun  Flower,'  is  set  up  every 
10  ft.,  and  oftener  if  necessary,  and  radial  measurements  taken  to  all  the  inequalities 
of  the  section ;  these  measures  are  plotted  on  the  diagrams,  and  the  areas  estimated 
with  the  plaiiimeter." 

"  The  principal  difficulty  that  the  line  has  yet  encountered,  is  the  Gould  Swamp. 
It  has  finally  been  decided  to  under  run  this  in  solid  rock  with  an  inverted  syphon, 
making  a  blow-off  below  grade  and  draining  by  an  adit  out  into  the  Hudson  River." 

In  Vol.  V,  No.  1,  page  13,  in  a  discussion  of  Mr.  A.  Harvey  Tyson's  paper  on  Pol- 
lution in  Storage  Reservoirs,  I  notice  that  Mr.  Charles  G.  Darrach  siiys,  '  I  would  call 
attention  to  the  fact  that  in  the  proposed  Quaker  Bridge  Dam  for  the  New  Croton 
Aqueduct,  no  provision  seems  to  have  been  made,  as  far  as  can  be  learned  from  pub- 
lished plans,  for  draining  off  the  water  from  the  lower  levels.  As  this  dam  will  be  of 
almost  unprecedented  depth,  the  same  trouble  may  be  expected  a-*  in  Baltimore  and 
Reading,  unless  this  precaution  is  taken.'  "  The  Club  will  observe  from  the  drawing 
sent,  that  this  criticism  is  fully  met,  and  that  the  big  reservoir  of  the  Croton  will, 
when  constructed  according  to  present  designs,  have  the  best  circulcUion  of  any  reser- 
voir in  the  world." 


A  MOVABLE  DAM. 


Regui-ar  Meeting,  November  21st,  1885.— Mr.  Wm.  H.  Dechant  presented  the 
following: 
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The  moTible  dmm,  bailt  br  the  United  Stales  Govemment  at  Dmvis^  Island,  below 
Pittsbarg,  in  the  Ohio  River,  described  bj  Prof.  Lewis  M.  Haupt.  in  his  paper  read 
to  the  Club  in  December  last,  is,  no  doubt,  the  best  large  dam  in  practical  use  in  this 
countrj  to  date. 

The  purpose  and  object  of  movable  dams  is  so  well  shown  in  Prof.  Haapl*s  paper, 
that  anjr  additions  here  are  unneoeasarr,  suffice  it  to  saj,  briefl v  as  a  matter  of  intro- 
duction. The  rendering  of  the  Ohio,  and  manj  other  rivers,  navigable  during  the  dry 
season,  making  of  them  highways  which  shall  be  uninterrupted  bv  the  low  water  stage 
of  summer,  is,  without  question,  the  important  mission  of  the  movable  dam.  The 
Ohio  Biver,  as  a  representative,  fluctuates  60  feel,  or  more,  between  low  water  of  sum- 
mer and  high  water  of  freshets.  By  movable  dams  the  flow  of  the  minimum  stage 
maj  be  so  utilized  as  to  snpplj  the  neoeasaiy  depth  for  navigation.  This  depth  ooukL 
be  secured  bj  permanent  dams,  but  such  dam«  also  stand  as  a  permanent  obstruction, 
and  shipping  would  be  compelled  to  pass  with  much  delaj  through  a  lock  at  each 
dam,  no  matter  whether  the  water  in  the  river  were  at  a  flush  or  low  stage. 

The  svstem  of  movable  dams  embraces  all  the  advantages  in  river  or  slack  water 
navigation.  When  the  water  in  the  river  is  flush,  the  dam  is  down,  and  lays  below 
the  bed  of  the  stream,  and  ofiers  no  more  obstmction  to  the  passage  of  boats  than  no 
dam  at  all. 

When  the  water  subsides  to  a  medium  stage,  a  part  of  the  dam  or  weir  is  raised,  and 
the  flow  of  water  down  the  river  is  retarded,  and  made  to  pass  through  onl  v  a  part  of 
the  dam  left  open,  enabling  shipping  to  pass  through  without  causing  a  delay  to  pass 
them  through  the  lock.  When  the  river  subsides  to  its  minimum  stage,  the  whole 
dam  is  raised,  and  the  flow  of  the  water  down  the  river  is  almost  entirelj  retarded, 
and  all  shipping  passes  through  the  lock,  thus  husbanding  all  the  water  in  the  stream, 
and  holding  it  to  the  proper  depth  to  float  the  craft,  until  the  river  rises  ag:iin  by 
rains  sufficiently  to  allow  of  a  navigable  pas  to  be  opened  in  the  dam,  to  allow  boats 
to  pass  through  and  discard  the  slow  process  of  lockage. 

In  this  country  the  movable  dam  is  in  its  infancy,  and  seems,  as  yet,  to  be  under  the 
shadow  and  fostering  care  of  its  grandparents  from  across  the  water,  but  a  steady  diet 
of  American  water  will  soon  rear  it  into  American  manhood. 

The  subject  is  of  growing  importance;  the  utilization  of  the  waste  waters  and  waste 
powers  of  our  rivers  can  only  be  secured  by  dams  best  suited  to  the  various  purposes 
and  needs,  and  as  there  are  millions  in  it,  we  can  safely  trust  the  development  to 
American  capital  and  the  American  engineer,  or  rather  rice  versa. 

The  system  of  wicket  to  which  I  wish  to  call  your  attention,  has  been  practically 
tested  on  a  small  scale,  in  the  shape  of  supplemental  strips,  or  flush  strips,  on  perma- 
nent dams  on  the  Schuylkill  navigation  of  the  Philadelphia  and  Beading  Bailntad 
Company.  The  first  were  placed  on  Pawling's  Dam,  below  Perkiomen  Junction,  dur- 
ing the  Slimmer  of  18S1,  and  have  been  giving  very  satisfactory  results,  without  re- 
quiring any  repairs  worthy  of  note  thus  far.  The  strips  have  also  been  in  use  on 
Kemsville  Dam,  above  Hamburg,  Pa.,  since  the  Summer  of  1882,  and  at  the  cut-ofT 
dam  at  SchuylkiU  Haven.  The  combs  of  Black  Bock  Dam,  above  Phoenixville,  the 
dam  below  L«andingville,  and  a  part  of  the  comb  of  Norristown  Dam  have  been  built 
with  a  view  to  using  them.  The  strips  in  use  at  the  above-named  places  are  from  12 
to  20  inches  high,  and  a  strip  or  wicket  10  feet  long,  made  of  two-inch  oak  plank  well 
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bolted  together,  in  easily  nuLDipalnted  b^  one  nuui  wklking  out  aloag  th«  comb  of  the 
dam.  Fonnerlj,  the  placing;  uf  tooie  pUnk  li«ck  of  upright  pint  fixed  in  the  comb, 
WM  a  work  sccomplbhed  with  difficaltj  under  the  same  condition*  hv  two  or  three 
men,  and  ouch  loose  stripa  were  fiequentlf  carried  off  by  freahets,  and  the  pins  either 
bent  or  broke,  thereby  damaging  the  comb  timben. 

One  of  ibe  great  advantages  in  this  system  of  wicket  is  that  the  force  of  the  water 
itself  assists  in  raising  the  wicket.  I  might  here  state  the  object  or  purpose  of  sup- 
plemental strips,  or  wickets,  on  top  of  permanent  dams : 

On  almost  all  permanent  dams,  whether  need  for  navigatmn,  water  power,  or  water 
supply,  it  is  found  advantageous  aiid  necesaary  during  the  low  stage  of  water,  to  erect 
temporary  strips,  or  flush  planka,  on  the  comb,  so  as  to  save  the  water  liom  wasting 
over  the  daiD,  and  also  for  maintaining  a  proper  depth  in  the  dam.  It  will  reailily 
be  understood  how  important  such  strips  are,  when,  by  simply  raising  them  on  the  top 
of  the  oomb,  say  12  inches  in  height,  they  pond  a  cubic  foot  of  water,  or  7}  gallons, 
for  every  square  foot  of  surface  of  the  dam,  which  is  often  miles  in  extent. 

I  will  here,  by  the  aid  of  a  few  platea,  endeavor  to  explain  and  deecribe  the  con- 
struction and  operation  of  the  Bjetem. 

The    plate*   show   a 

Iron  would  be  better  for 
the  atiawm,  because  it 
could  be  boilt  to  ofler 
leea  retistance  to  the  cu  r- 
rent  of  the  water.    The 
plan  for  foundation  will 
have  to  be  changed  to 
suit  the  numerous  differ- 
ent conditionsof  the  bot- 
tom of  the  stream,  the 
■ameasforpermanentdams. 
Figure  1  shows  an   end  sec- 
tion of  the  foundation  A,  the 
wicket  S  iu  an  upright  po- 
sition, and  an  end  section  of 
the  caisson  operating  truck, 
covering  the  foundation  and 
wicket.     Figurt  2  shows   the 
up  stream  side  of  the  cuiston 
operating     truck,    with     the 
gates    n    working  vertically, 
to  enclose  a  wicket,  when  ne- 
cesMiy  to  make  repairs;  the 
gates  are  forced  down  by  strik- 
ing on  the  handle  p'  and  are 
rused  by  a  chain  p*,  wound 
aronnd  a  horizontal  roller  o. 
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operated    bj   capstan 
bare. 

Fignra  3  twd  4 
ahow  an  end  wctioQ 
of  the  foundation  A, 
with  tbe  wicket  B  in 
an   upright   position 

Fiyurt  I ,  and  in  a  hori- 
zontal poitition,  or 
down,  witliout  lihow- 
ing  the  caisson  opera- 
ting tmck.  Fig- 
urt  5  iibows  the  _ 
np  Htream  face  — 
of  the  wickel  B, 
when  in  an  up-  pi — r-r 
rixht  potdtios.  i_J^"LJ 
f^^ure6BfaowBtbe 


/Ti^.  ^. 


top  view  in  the  same  pneition,  and  Figure  7  the  end  view. 
These  Ggures'sliow  the  simple  fastenings  of  the  hinges  a,  the 
holding  bars  6,  the  batten  plank  or  limberH  c,  the  sluice  open- 
ing and  sluice  gate  d,  and  the  revolving  bars/.  Figure)  3  and 
9  show  the  wicket  B  in  the  simple  form  for  flush  strips  on  lop 
of  permanent  datns.  Figure  8  showing  the  wicket  up,  and  Fig- 
tire  6  showing  it  down. 

A  glance  at  the  plates  will  at  once  show  the  simplicity  of  the 
construction  of  the  wickets,  hinges,  etc. 

It  will  be  noticed,  the  wickets  are  supported  bv  a  tension 
hin^e  a,  inslead  of  by  a  prop,  as  used  in  the  Chanoine  sjstem; 
a  tension  hinge  can  be  made  much  lighter  than  a  prop  to  have 
the  same  strength.  The  hinges  b  are  attached  at  une-third  the 
height  of  the  wicket,  which  point  is  the  centre  of  pressure;  tbe 
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boldiDg  bus  b,  coupled 
to  the  revolTJog  bar  /, 
secure  the  wicket  in  an 
upright  poeition  ■gainit 
aoj  mcddent  or  cause,  b<r 
which  it  might  Icee  its 
bftlftnc«^  until  the/  are  | 
releued  \>y  the  attend- 
ant, and  allow  the  wick^ 
to  fall.    Th«   hinges  h 
can  be  made  amply 
strong,  to  withstand 
any  strain  to   which 
the;     maj    be    sub- 
jected;  thej  hare   a 
knuckle-joint    a',    to 
allow  them  to  bend, 
in  case   anj  obet  ruc- 
tion should  get  under 
them  when  the  wicket 
is  lowered.    In  lowering  the  wlckels,  it  is  neoessary  that  the  holding  ban  b  ahonld  all 


i>  accomplish  thii  they  are  all  coupled  or 


be  released  at  one  and  the  si 

booked  to  the  one  revolving  bar/.  This  bar  is  held  from  revolving  by  a  right  ai 
bend  at  one  end,  resting  in  a  notch  in  the  end  of  the  wicket.  When  it  is  deured  to 
throw  the  wicket  down,  all  that  is  necessary  is  to  move  the  bar  endwise,  by  striking 
it  until  it  i«  free  of  the  ootch,  wbea  it  will  revolve  and  drop  the  holding  bats,  thus 
releasing  (he  wicket  and  allowing  it  to  drop.  If  it  is  at  any  time  desired  to  arrange 
the  dam  to  drop  all  the  wickets  across  the  stream,  without  making  it  necessary  for  the 
attendant  to  go  to  each  wlckel  separately,  and  release  the  revolving  bar,  the  revolving 
bar  on  each  wicket  is  simply  moved  endwise  enough,  so  that  iusCead  of  their  bent 
ends  remain  reating  in  the  notch  of  the  wicket,  they  shall  rest  on  the  end  of  the  re- 
volving bar  next  to  them,  so  that  when  the  first  wicket  at  ihe  shore  is  dropped,  it 
will  release  the  revolving  bar  of  the  wicket  next  to  it,  and  so  on  all  the  way  across 
the  dam.  The  wickets  geneially  should  be  arranged  to  Hland  independent  of  eadi 
other,  BO  that  if  any  accident  happens  to  one,  it  would  not  affect  the  others.  It  will 
be  noticed  by  aglance  at  Figtirti  Sand  8,  (hat  as  hood  as  the  wicket  is  partially  raised, 
the  pressure  of  the  water  on  the  lower  part  of  th>  wicket  below  the  hinge  will  asust 
in  raising  the  wicket ;  this  is  found  to  be  practically  the  case,  and  the  same  principle 
■ppliee  to  wickets  of  any  siie.  This  fsct,  together  with  the  positive  position  of  the 
attendants  immediately  over  the  wickets,  and  the  practicability  and  advantage  of 
using  steam  power  on  the  operating  truck,  will  enable  the  dam  (o  be  manieuvered 
rapidly. 

A  great  advantage  in  this  system  with  such  appliances,  is  the  practicability  of 
making  the  wickets  much  wider  or  longer  lengthwise  of  the  dam,  thereby  lessening 
the  number  of  wickets  and  making  the  manipulation  of  the  dam  more  rapid,  and  also 
making  the  wickets  themselves  more  stable,  solid  and  compact,  and  reduce  the  num- 
ber of  spaces  between  the  wickets,  thereby  preventing  much  leakage  when  the  dam 
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should  be  tight.  The  sluice-openingB  in  the  wickets  will  affi>rd  additional  means  to 
r^ulate  the  surface  of  the  water  in  the  dams. 

It  will  be  noticed  in  Figures  8  and  9  there  are  no  holding  rods  or  wires  to  keep  the 
wickets  in  an  upright  position,  and  it  is  found  if  the  wickets  are  low  and  can  be  man- 
ipulated by  a  man  walking  out  along  the  comb  of  the  dam,  such  fastenings  are  un- 
necessary, if  the  hinges  are  fixed  at  the  i  point,  the  friction  of  the  wicket  on  the  bot- 
tom will  keep  them  from  falling.  If  the  wickets  are  higher  than  one  foot  above  the 
dam,  and  it  is  desirable  to  have  stays  to  hold  them  in  position  until  released  from  the 
shore,  the  hinges  should  be  attached  a  little  below  the  i  point,  so  that  they  would  be 
thrown  promptly  by  the  water  when  the  stays  are  released.  For  low  fluRh  strips  it 
would  hardly  be  necessary  to  use  the  revolying  bars  for  releasing  the  sta3rs,  as  is  done 
in  the  movable  dam  wickets:  light  wires  or  pieces  of  lath  can  he  used  to  support 
the  wickets  from  falling  when  the  water  is  at  its  usual  stage,  in  such  a  manner  as  to 
be  torn  down  by  the  force  of  floods,  or  ^  light  chain  can  be  paid  out  across  the  dam 
back  of  the  wickets,  through  the  links  of  which  the  small  wires  holding  the  wickets 
can  pass  and  be  torn  down  by  the  reeling  up  of  the  chain  on  the  abutment. 

I  claim  the  following  advantages  for  the  system : 

1.  Simplicity  of  construction,  a  small  number  of  parts  and  but  few  wearing  parts, 
the  practicability  of  making  the  wickets  wider  lengthwise  of  the  dam ;  securing  a  more 
stable,  compact  and  substantial  structure. 

2.  The  principal  movement  of  the  wicket  is  simple  and  complete ;  when  it  falls  or 
is  knocked  down  by  accident,  it  falls  completely  and  clears  the  channel,  and  there  are 
no  props  or  hinges  to  be  damaged,  because  the  wicket  in  turn  supports  the  tension 
hinges,  and  both  fall  together. 

3.  The  principle  of  the  wicket  is  such  that  the  pressure  of  the  water  itself  assists  to 
raise  it 

4.  When  the  wicket  falls  there  is  no  danger  of  damage  from  the  jar,  because  it  falls 
with  its  flat  face  into  a  cushion  of  water,  and  there  is  no  ponderous  iron  work  below  it 
to  be  damaged,  or  to  cause  damage. 

5.  The  wickets  can  be  thrown  either  separately  or  collectively  across  the  pass  and 
weirs,  a8  may  be  most  desirable ;  they  can  be  left  standing,  independent  of  each  other, 
until  it  is  desired  to  throw  them,  when  the  revolving  bars  can  be  first  adjusted  all  the 
way  across  the  dam,  so  as  to  depend  upon  the  wickets  next  them,  and  the  whole  dam 
lowered  by  releasing  the  one  wicket  next  to  the  abutment,  which,  in  falling,  will  re- 
lease the  next  one  to  it,  and  so  on  consecutively  all  the  way  across  the  dam. 

6.  The  tension  hinges,  when  the  wicket  is  down,  lap  over  the  breach  of  the  wicket, 
and  no  current  of  water  or  floating  body  can  get  under  the  wickets  to  raise  them 
above  the  recess  in  which  they  lie. 

7.  The  sluice  openings  in  the  wickets  provide  an  additional  means  to  r^ulate  the 
surface  of  the  water  in  the  dams,  as  the  water  is  vented  through  them  under  pressure 
of  the  head  above  them. 

8.  The  manipulating  of  the  dam  is  done  from  a  caisson  operating  truck,  passing 
directly  over  the  wickets,  and  enables  the  attendants  to  make  careful  examinations, 
and  be  in  a  position  to  remedy  any  defect,  and  also  provides  a  means  of  endoeing  a 
wicket  or  a  number  of  them  completely,  to  make  any  needed  repairs,  and  if  desired, 
can  be  made  to  enclose  all  sides,  and  enable  the  water  of  the  height  of  the  lower  dam 
to  be  pumped  out,  and  allow  repairs  to  be  made  in  the  dry. 
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9.  A  sudden  flood,  of  which  the  movable  seryice  bridge  standB  in  continual  danger, 
will  not  affect  the  caisson  operating  truck  in  its  shelter  at  the  abutment. 

10.  The  caisson  operating  truck  is  not  at  the  mercy  of  the  water  as  maneuvering 
boats  are,  but  can  be  ballasted  to  stand  firm  in  any  current  likely  to  be  encountered 
during  the  time  its  use  is  required. 

11.  The  form  of  the  caisson  operating  truck  is  such  that  it  can  be  enlarged  to  any 
size  desired,  and  be  able  to  carry  its  own  motive  force  and  power  to  manipulate  the 
wickets,  and  do  pumping  if  desired. 

12.  Stronger  and  more  compact  form  of  the  top  of  the  foundation,  and  the  shelter 
of  the  important  face  of  the  sill,  under  the  wicket,  when  it  is  down,  so  that  it  is  not 
subject  to  abrasion  and  damage,  as  is  the  sill  in  the  Chanoine  system. 

I  claim  the  following  advantages  for  the  use  of  the  wickets  as  flush  strips  on  the 
combs  of  permanent  dams : 

1.  The  saving  in  time,  labor  and  material,  in  having  strips  unharmed  by  floods. 

2.  Havii^  the  strips  always  on  the  dam  ready  to  be  raised  whenever  required, 
without  the  delay  of  gathering  materials. 

3.  The  comb  of  the  dam  is  not  damaged  by  them,  as  it  is  by  the  use  of  iron  pins, 
but  it  is  rather  increased  in  strength  by  the  additional  width  at  top  necessary  to  re- 
ceive the  recess  in  which  the  strips  lay. 

4.  They  act  automatically  in  times  of  ice  freshets,  and  after  they  are  down  do  not 
obstruct  the  flow,  and  offer  no  hold  for  rubbish  and  debris,  as  do  iron  pins. 

5.  When  the  water  is  low  no  up-stream  wind  can  blow  them  down,  as  is  sometimes 
the  case  with  loose  flush  plank. 


FASTENINGS  FOR  BRIDGE  FliOOR  TIMBERS. 

Bbqui^ar  Meeting,  Novembeb  21st,  1885. — Mr.  A.  R.  Roberts  exhibited  an  ap- 
pliance for  Fastening  the  Floor  Timbers  of  Highway  Bridges  to  the  iron  I  beams  of 
the  floor  system.  It  consists  of  a  piece  of  flat  wrought  iron  cut  from  the  ends  towards 
the  middle,  the  divided  portions  being  bent  at  right  angles  to  the  piece  so  thnt  one 
opposite  pair,  after  being  ragged,  can  be  driven  in  the  wood,  and  the  other  pair  bent 
under  the  flange  of  the  iron  beam. 


MITIS  METAL.. 

Beouulb  Meeting,  November  21st,  1885. — Mr.  P.  Oestburg,  introduced  by  Mr. 
Henry  G.  Morris,  presented  the  following: 

As  it  is  but  a  couple  of  hours  since  my  invitation  to  address  this  association,  I  am 
in  the  happy  position  of  not  feeling  under  any  obligation  to  apologize  for  not  deliver- 
ing an  eloquent  speech,  or  reading  an  elaborate  paper.  I  am  merely  requested  to 
tell  something  about  the  new  product  named  *^Mitis  Castings,"  and  I  shall  try  to  do  so 
as  briefly  as  possible. 

I  will  first  draw  your  attention  to  the  fact,  that  the  manufacture  of  castings  cannot 
be  looked  upon  as  one  proceeding;  it  consists  of  several  quite  separate  operations:  the 
preparing  of  the  mould,  the  melting  of  the  metal,  the  making  of  the  metal  suitable  for 
the  purpose,  and  the  pouring  of  the  metal  into  the  mould ;  each  of  which  operations 
must  be  satisfactory  for  attaining  a  successful  result.  When  we  come  to  the  question 
of  making  castings  from  metals  so  difficult  of  fusion  as  wrought  iron,  no  ordinary  means 


280  Notes  and  CommunicaJLums.  [Proc.  Eng.  Club, 

for  either  of  the  above-named  operations  is  sofficient  for  producing  such  results  as 
these  samples  you  see  before  you.  It  is  only  through  very  essential  improvements  in 
every  one  of  the  different  operations,  we  have  attained  success. 

I  claim  that  no  moulding  sand,  formerly  known,  has  been  fireproof  enough  for 
pouring  wrought  iron  into.  If  a  sand  is  not  fireproof  enough,  it  fuses  and  sticks  to  the 
casting,  thereby  producing  a  rough  surface.  My  moulding  material  consists  only  of 
very  good  fire  day,  very  hard  burnt,  finely  pulverized,  and  the  smallest  possible 
quantity  of  binding  material.  Others  have  added  burnt  fire  clay  to  moulding  sand  for 
improving  it.  The  essential  thing  in  my  moulding  material  is  to  avoid  mixtures,  and 
to  use  the  hard  burnt  fire  clay  alone.  As  a  binder,  I  prefer  sugar  or  molasses,  as  these 
materials  neither  make  the  moulding  material  fusible,  nor  make  the  castings  hard,  nor 
give  away  any  gases.  From  the  samples,  which  you  can  satisfy  yourselves  are  from 
the  softest  wrought  iron,  you  can  see  that  the  sand  is  excellent. 

As  regards  the  melting  of  the  metal,  I  do  not  claim  that  my  mode  of  melting  is  the 
only  one  for  attaining  sufficient  heat.  But  I  claim  that  the  system  under  my  con- 
trol is  at  present  the  only  one  which  accomplishes  the  result  in  a  sufficiently  con- 
venient way  to  secure  practicability.  I  use  petroleum,  which  is  burned  with  the  ad- 
misKion  of  atmospheric  air.  As  yet  I  use  in  this  country  only  a  crucible  furnace.  I 
melt  the  wrought  iron  in  from  70  to  50  minutes,  making  11  to  12  meltings  in  a  day  of 
12  hours,  the  crucible  each  time  being  quite  filled,  whereas  in  other  methods  of  melt- 
ing in  crucibles  only  three  meltings  are  accomplished  in  12  to  16  hours  with  decreasing 
charges. 

When  the  metal  is  molten,  I  prepare  it  for  pouring  in  a  way  the  details  of  which 
it  would  take  too  long  to  explain  to  your  satisfaction.  It  is  sufficient  to  say  that  I 
have  a  means  of  making  the  metal  extremely  fluid,  so  that  it  will  let  all  gases  that 
may  be  present  pass  away,  and  will  run  freely  into  the  finest  moulds,  as  you  see  by  the 
samples. 

I  have  further  mechanical  appliances  by  which  I  can  keep  the  metal  in  a  proper 
state  for  pouring  for  a  considerable  time.  I  use  a  covered  casting  ladle,  within  which 
I  produce  a  very  hot  flame,  which  has  its  outlet  over  the  pouring  lip.  By  this  appa- 
ratus I  can  keep  wrought  iron  in  a  proper  state  for  pouring  as  long  as  twenty  minutes, 
and  even  longer. 

What  I  accomplish  is  to  melt  wrought  iron  and  pour  it  into  castings,  which  retain 
all  the  qualities  of  the  raw  material,  are  practically  solid,  and  have  a  beautiful  surface. 

An  incidental  quality  of  the  castings  is  that  the  tensile  strength  is  from  20  to  50  per 
cent,  greater  than  for  the  raw  material.  I  ascribe  this  solely  to  the  sudden  contrac- 
tion in  the  cooling  from  the  melting  point  of  wrought  iron,  not  to  any  intrinsic  quality 
of  the  metal. 


COMPRESSED  FUEL. 

Business  Meeting,  December  5th,  1885. — Mr.  Washington  Jones  presented  to 
the  Club,  through  Mr.  John  T.  Boyd,  some  specimens  of  Artificial  Fuel  made  in  Bel- 
gium, and  sent  to  him  from  there  by  Mr.  £.  F.  Loifieau,  who  is  now  abroad  experi- 
menting on  its  manufacture. 

Tiie  specimens  are  on  exhibition  at  the  House  of  the  Club,  and  consist  of  cylinders 
havin.^  a  hole  along  their  axes,  cubes,  perforated  square  blocks,  and  two  sizes  of  egg- 
shaped  masses,  corresponding  about  to  our  ^^egg^*  and  "stove''  sizes  of  anthracite  coaL 
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This  fuel  is  made  of  bituminous  oool  dust,  coal  tar  pitch  and  day,  mixed  in  suit- 
able proportions  and  compressed  into  the  shapes  named. 

Some  few  years  ago,  Mr.  Loiseau  was  making  the  smaller  of  the  egg-shaped  sizes 
in  this  city,  and  then  the  material  was  passed  through  rollers  having  recesses  which 
formed  the  eggs. 

A  peculiarity  of  these  eggs  was  that  they  retained  their  shape  until  all  the  com- 
bustible material  was  entirely  consumed,  and  then  fell  apart  in  a  fine  powder.  The 
specimens  shown  bore  labels  statii^  the  quantities  of  the  several  sizes  made  per  day. 


THE  FORTH  AND  TAY  BRIDGES. 

Regular  Meeting,  December  19th,  1885. — Mr.  Thomas  C.*Clarke,  through 
Mr.  Thomas  M.  Cleemaan,  presented  an  account  of  the  impressions  gained  by  him 
last  summer  during  a  visit  to  the  Forth  and  Tay  Bridges.  He  added  to  a  descrip- 
tion that  he  had  already  given  to  the  Scientific  American  Supplement^  sketches  show- 
ing the  positions  of  the  erecting  scafiTolds  for  the  first  named  structure,  and  the  method 
of  building  the  piern  of  the  second  of  plate  iron  filled  with  beton  and  loaded  with  pig 
iron  to  twice  the  greatest  load  that  they  will  ever  have  to  support,  before  the  weight 
of  the  superstructure  is  imposed  upon  them.  The  floor  of  the  latter  bridge  is  made 
of  steel  plates  compressed  into  a  corrugated  form,  each  three-eighths-inch  plate  form- 
ing one  corrugation  eighteen  inches  wide  and  ten  inches  deep,  rivetted  at  the  edge 
to  the  adjoining  overlapping  plate,  and  reaching  from  girder  to  girder,  about  sixteen 
feet  between  bearings.  On  the  through  spans,  where  the  bearings  are  twenty-six  feet 
apart,  half-inch  thick  channels  and  plates  are  rivetted  together,  so  as  to  make  a  series 
of  trough-like  corrugations,  eighteen  inches  wide  at  the  top  and  twelve  inches  at  the 
bottom,  by  eighteen  inches  high,  on  which  longitudinal  stringers  of  wood  are  laid,  to 
which  the  rails  are  bolted.  This  floor  system  is  intended  to  be  strong  enough  to  carry 
derailed  trains  and  take  the  place  of  cross  floor  beams,  track  stringers  and  horizontal 
wind  bracing.  The  weight  per  foot  does  not  exceed  that  of  our  floor  beams,  etc.,  but  it 
requires  the  lower  chords  of  through  bridges  to  be  made  stifl'  like  those  of  swing 
bridges,  instead  of  using  eye  bars. 

At  both  bridges  great  ingenuity  in  inventing  and  applying  new  methods  was  dis- 
played. A  very  interesting  tool  is  the  twin  hydraulic  rivetter,  with  two  rams  pressing 
each  head  simultaneously,  the  lower  one  having  an  area  one-half  inch  greater  than 
the  other,  and,  being  first  brought  to  bear  against  the  finished  head,  the  upper  one 
completes  the  rivet. 

For  the  erection  of  the  towers,  a  scaflbld  consisting  of  a  pair  of  lattice  girders  rivet- 
ted together,  will  be  raised,  by  hydraulic  power,  up  along  the  main  columns  by  means 
of  slots  and  pin  holes  in  the  columns  and  movable  pins.  This  acaflblding  will  after- 
wards form  a  portion  of  the  permanent  structure.  After  the  completion  of  the  tower, 
similar  lattice  girders  will  be  suspended  on  each  side  by  temporary  suspension  cables, 
to  be  used  for  placing  the  pieces  finally  in  position. 


A  NOVEL  RUBBER  AND  STEEL.  SPRING. 

Beoular  Meetino,  January  16th,  1886.— Mr.  Howard  Constable  presented  the 
following: 

This  spring  is  the  invention  of  an  American  Engineer,  Mr.  L.  Sterne,  proprietor  of 
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the  Crown  Iron  Works  of  London  and  Glasgow.  The  model  represents  the  usnal 
form  adopted  when  the  spring  is  used  for  draw  bars,  buffers  and  the  like ;  the  form  of 
the  rubber  and  the  croRS  section  of  the  steel  spring  can  be  altered  to  suit  various  con- 
ditions, either  where  a  uniform  resbtanoe  is  required  throughout  the  whole  range  of 
compression,  or  where  a  gradually  increasing  resistance  is  required.  I  also  perceive 
that  where  it  is  desirable  to  have  a  spring  which  is  easy  and  yielding  throughout  part 
of  its  range,  and  then  arrests  further  motion  but  not  too  abruptly,  the  steel  spring  can 
be  fitted  and  made  so  as  to  check  the  rubber  just  at  the  right  point,  and  without  the 
shock  which  occurs  when  the  solid  stops  or  bearings  of  springs  come  together. 

As  you  see,  the  rubber  part  of  the  spring  Ia  of  an  ordinary  pine-apple  shape,  or 
more  accurately,  two  parabolic  truncated  cones,  base  to  base,  and  encircled  by  a  flat 
steel  ring.  This  ring  is  not  solid ;  the  ends  overlap  each  other  for  a  distance  about 
one-quarter  of  the  circumference,  and  slide  over  each  other  as  the  ring  is  spread  apart 
by  the  rubber  when  it  is  compressed. 

The  ring  is  made  of  flat  rolled  steel,  or,  if  necessary,  with  a  cross-section  of  a  flat- 
tened U  or  W  form,  in  order  to  give  greater  resisting  power.  A  mould  or  fillet 
around  the  middle  of  the  rubber  fits  into  the  channel  of  the  rings  with  U  or  W  cross- 
sections,  and  keeps  them' from  working  out  of  position.  The  flexure  or  bending 
backwards  and  forwards  of  the  steel  caused  by  the  opening  and  shutting  of  the  ring, 
when  the  rubber  is  compressed  and  relaxed,  is  so  little  compared  to  the  total  length 
of  the  ring,  that  the  strain  brought  upon  the  fibres  of  the  steel  is  very  far  within  the 
elastic  limit  of  the  steel,  so  that  the  life  of  the  ring  is  almost  unlimited.  Some 
springs  that  have  been  undergoing  test  at  the  shops  of  the  Northeastern  Railway  of 
England,  have  '' withstood,"  up  to  January,  1886,  ''over  one  million  compressions  of 
five  tons,  and  have  not  lost  in  resistance,  range  or  weight,  and  have  surpassed  every 
other  spring  in  competition,"  I  have  recently  been  informed.  The  rubber  bulges 
outward  as  it  is  compressed  and  spreads  the  ring  apart,  which  all  the  time  resists  and 
triefl  to  keep  the  rubber  in  its  original  position,  and  the  more  the  rubber  is  compressed 
and  distorted,  the  greater  become  the  force  of  the  ring  and  the  amount  of  work  done 
by  it. 

So  the  rubber  is  always  reinforced  and  supported  by  the  steel  spring  about  it,  the 
more  it  requires  it  and  the  nearer  the  point  of  collapse  is  reached. 

Up  to  the  present  time  quite  a  number  of  these  springs  have  been  manufactured, 
principally  for  use  in  draw-bars  and  buffers  of  railroad  cars,  but  no  doubt  the  idea  can 
be  applied  to  many  other  cases,  since,  while  retaining  all  the  good  features  of  a  rubber 
spring,  it  requires  less  rubber  and  adds  some  qualities  in  the  direction  of  resistance 
and  endurance  which  make  it  a  very  close  approach  to  a  perfect  spring,  and  presents 
valuable  features  of  economy.  In  the  case  of  street  cars  the  duty  of  a  Bpring  is  very 
severe,  and  the  spring  experiences  an  immense  variation  in  load,  yet  it  should  be 
uniformly  elastic.  An  empty  car  may  weigh  one  ton,  and  when  crowded  it  will  weigh 
five  tons;  and  this  variation  of  load  may  come  gradually  or  all  at  once,  and  always  in 
jerks,  owing  to  the  getting  on  and  off  of  the  passengers  and  the  pwaying  of  the  car, 
caused  by  the  unevenness  of  the  track;  thus  the  question  of  what  spring  gives  the 
highest  endurance  and  best  proportioned  resistance  to  the  duty  imposed,  is  an  im- 
portant consideration. 
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CHANGES  IN  LIST  OF  MEMBERS. 


ACTIVE. 

Additions^  November  yth^  iSSj. 

King,  Jos.  B.,  Foreman  of  Machine  Shop,  Midvale  Steel  Co., 

Nicetown,  Phila. 

Campbell,  John  W.,  Asst.  Supervisor  P.  R.  R., 

Blairsville,  Pa. 

Craighill,  Wm.  P.,  Lieut.  Col.  of  Engrs.,  U.  S.  A., 

378  St.  Paul  St.,  Baltimore,  Md. 

Bridgets,  Jr.,  R.  R.,  Supervisor  P.  R.  R., 

Trenton,  N.  J. 

Datesman,  George  G.  £.,  Asst.  Engr.  Phila.  Survey  Dept., 

City  Hall,  Phila. 

Cox,  Allan,  Civil  Engr., 

K.  C.  R.  R.,  Covington,  Ky. 

Tripler,  Henry  E.,  Asst.  Engr.  R.  &  P.  R.  R., 

Merchants  Hotel,  Pottsville,  Pa. 

Covode,  J.  H.,  Asst.  Supervisor  P.  R.  R., 

28th  St.,  Pittsburgh,  Pa. 

Wilson,  John,  Engineer  Phila.  Traction  Co., 

23d  and  Brown  Sts.,  Phila. 

Salom,  Pedro  G.,   Metallurgist  and  Chemist, 

208  S.  4th  St.,  Phila. 

Low,  Theo.,  Asst.  Engr.  P,  S.  V.  R.  R., 

Pottsville,  Schuylkill  jCo.,  Pa. 

Rohrer,  Jacob  B.,  Div.  Engr.  P.  &  M.  R.  R., 

Saint  Clair,  Schuylkill  Co.,  Pa. 

Low,  Emile,  Asst.  Engr.  P.  &  M.  R.  R., 

Hazelton,  Luzerne  C^o.,  Pa. 

Prevost,  Sutherland  M.,  Genl.  Supt.  Transportation,  P.  R.  R., 

233  S.  4th  St.,  Phila. 

Churchill,  Chas.  S.,  Prin.  Asst.  Engr.  P.  &  M.  R.  R., 

Pottsville,  Pa. 

Additions^  December  ^th,  188^* 

Wingate,  E.  B.,  Chief  Engr.  K.  C.  &  S.  W.  R.  R., 

Arkansas  City,  Kansas. 

Zacharias,  Henry  C,  Asst.  Min.  Engr.  P.  &  R.  C.  &  L  Co., 

Shamokin,  Pa. 

Laureau,  Louis  G.,  Mech.  Engr.,  Gordon,  Strobel  &  Laureau, 

226  Walnut  St.,  Phila. 

Gordon,  Fred.  W.,  Mech.  Engr.,  Gordon,  Strobel  &  Laureau, 

226  Walnut  St.,  Phila. 
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Patton,  W.  M.,  Engr.  in  Charge  Schuylkill  Riv^er  Bridge,  B.  &  O.  R.  R., 

Gray's  Ferry,  Phila. 

Strobel,  Victor  O.,  Mech.  Engr.,  Gordon,  Strobel&  Laureau, 

226  Walnut  St.,  Phila. 

Morris,  A.  Saunders,  Mech.  Engr., 

209  S.  3d  St.,  Phila. 

3rooinell,  A.  P.,  Mech.  Engr.,  Supt.  Engine  Dept.,  Penna.  Agricul- 
tural Works,  York,  Pa. 

Wood,  Howard,  Manager  Alan  Wood  &  Co., 

Conshohocken,  Pa. 

Men  eke,  Wm.  P.,  Mech.  Engr.  South  wark  Foundry  and  Machine  Co., 

430  Washington  Ave.,  Phila. 

Lukens,  Lewis  N.,  Mech.  Engr.,  Alan  Wood  &  Co., 

Conshohocken,  Pa. 

Additions^  January  gth,  1SS6. 

Smith,  Albanus  L.,  Asst.  Engr.  Manly  &  Cooper  Manufacturing  Co., 

No.  6  East  Penn  St.,  Gerroantown,  Phila. 

Williams,  Samuel  T.,  Mech.  Engr.,  Gen'l  Mgr.  Steel  Department 

Henry  Disston  &  Sons,  Tacony,  Phila. 

Pettit,  Robert  E.,  Gen'l  Supt.  Pa.  R.  R.  Co., 

Altoona,  Pa. 

Cornelius,  H.  R.,  Mech.  Engr.,  Southwark  Foundry  and  Machine  Co., 

430  Washington  Ave.,  Phila. 

Austin,  T.  Everett, 

Babcock,  W.  Irving, 

Beatty,  James,  Jr., 

Hexamer,  C.  John, 

Leuffer,  Andrew  B., 

Norris,  Thaddeus, 
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XXI. 


HARBOR  STUDIES. 


Being  a  consideration  of  the  physical  phenomena  attending  the  formation  of  bare 
at  the  entrance  to  harbors  in  alluvial  formations,  with  some  proposed  remedies. 


By  Prof.  L.  M.  Haupt,  Active  Member  of  the  Club. 
Bead  January  16/A,  1886. 

Need  op  Deeper  Water. 

Since  the  amount  of  capital  invested  in  the  coast-wise  trade  of 
the  United  States  is  far  in  excess  of  that  invested  in  the  commerce 
of  any  country  on  the  globe,  it  is  of  great  moment  that  the  risks 
to  the  property  and  lives  so  employed  should  be  reduced  to  the 
lowest  practicable  limit.  As  a  means  to  this  end,  aside  from  a 
proper  illumination  of  the  coast  and  marking  of  channels  and 
obstructions,  there  should  be  provided  frequent  and  capacious 
harbors  of  refuge  for  shelter  from  storms. 

An  inspection  of  the  Atlantic  coast-line,  from  Kew  York  to 
Mexico,  shows  a  stretch  of  about  3000  miles,  deeply  indented  with 
bays,  inlets,  rivers  and  sounds,  which  would  appear  to  furnish 
frequent  retreats  for  shelter,  but  a  careful  examination  of  the 
"  bottoms "  at  these  inlets  will  generally  reveal  a  submerged  ob- 
struction, which  makes  it  dangerous  for  vessels  to  approach  them 
in  time  of  greatest  need;  in  consequence  whereof,  our  coast-line 
is  frequently  strewn  with  wrecks,  an  extensive  system  of  life-sav- 
ing stations  must  be  maintained,  and  millions  of  money  must  be 
expended  to  afford  an  entrance  to  a  roadstead  even  at  a  few  dis- 
tant points, 
voi^  V. — 19. 
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List  op  Pkincipal  Harbors  and  Inlets,  from  New  York 

TO  Cedar  Keys, 


Naxb  of  Ivlbt. 


« 


•S      '<^^    §5 


New  York  Harbor  .  .  .  , 
Barnegat  Inlet  .  .  .  .  , 

New  Inlet 

Abiecon  Inlet 
Delaware  B.  W.  Harbor 
Ghincoteaffne  Inlet  .  .   , 
Great  Macnipongo  Inlet 
Sand  Shoal  Inlet  .  .  .  . 
Ship  Sboal  Inlet    .  .  .  , 

Norfolk  Harbor 

GnffV  Inlet      

Old  Inlet  at  Nag'i  Head 


Miles 


New  Inlet     .  .  . 
Loggerhead  Inlet 

Hatterae  Inlet    . 


40043'! 

23  ft. 

8 

S9°46' 

7  " 

jz 

39027' 

9  " 

i  \\c 

39022'. 

7  " 

1    4^ 

No  bar  at  entrance. 

37053' 

8  ft. 

Imile 

37022' 

13  " 

IH" 

370I6'! 

16  •• 

2    " 

37013' 

8  " 

I    " 

36o«y 

21  " 

3    " 

36013' 

0  " 

I 

360fi6' 

0  " 
Lest 

3504I' 

than  6 

1 

j35034'j    Oft. 


n 


Ocraeoke  Inlet  .  . 

Beanfort,  N.  G.  .  . 
Gape  Fear,  N.  G.  . 
Gharleiton  Harbor 
N.  Bdisto  Inlet  .  . 
S. 


34006' 


(« 


«i 


St  Helena  8d.    . 

Port  Boral  Inlet 
Trbee  Koade  .  . 
waeeawSd.  .  . 
Oieabaw  Sd.  .  . 
St.  Gatharlne  Sd. 
Boboj  Sd.  .  .  . 
▲ItamahaSd.  .  . 
St.  Simon'i  Sd.  . 
St  Andrew's  Sd. 
Cumberland  Sd. 
Naaian  Sd.  .  .  • 
St  John's  BUer . 
St.  Angnitine  .  . 


} 


17  ft.  3    " 

34040^  Ifi  "  IH" 

3305O'  14  "  1 

3204.^;  12 W"  3 

32033/  if  li  31 

32027/  13  ••  fti 

32024/  12  ««  I 

32O20',  16  "  6 

32O08'  21  "  1% 

32O00  ,  20  "  6 

31 OM'  14  "  4 

;31049';  12  "  ll 

.  11  "  |5 

31022'  14  "  a 

i3loi8',  11  "  ,4 

,3looyl  14  "  6 

,30057',  16  «*  6 

'30042'  11  "  2 

,30029"    7  "  >^ 

30O23'  8^"  % 

290M'     9  "  ll 


It 

ii 
It 

i« 
ti 
It 
It 
II 
If 
It 
II 
II 
II 
It 
II 
II 
II 


GaWeeton !29021'  13  "  !4^" 


Feet. 
4.8 


4.3 
4.3 


2.6 


2.0 


2.8 
4.4 

6.1 
6.8 


6.9 
7.0 
7.0 


6.6 
6.8 


4.6 
4.2 

1.1 


Rbxarki. 


Mnllica  River  Great  Baj. 

18S0. 

Artificial. 


Connects  with  Hagothj  Bay. 


Closed. 

Now  a  Sand  Dnne. 


OD 

go 

o 


OD 


Closed.  i  a 

Outer  Bar  )  Subject  to  frequent  changes  ^J5 
Inner  *'  ^  &  bnojs  shifted  accordingly,  ee  g 
OnUlde  in  1883.  iJ^ 

Initide.  z^ 


In  1871. 

Protected  by  breakers,  shoal. 
In  east  channel. 

In  main  and  »onth  channels.    Goosaw  B.  and 
Broad  R.  are  connected  22  miles  from  coast 


At  mouth  of  St.  Mary's  River,  in  1874. 


S.  Jetty  built  1874-1885. 


From  this  table  it  appears  that  in  these  1400  miles  of  coast 
thei^  are  but  four  natural  harbors  where  the  depth  at  mean  low 
water  exceeds  16  feet,  and  they  are  New  York,  Norfolk,  Port  Royal, 
S.  C,  and  Tybee  Roads,  at  the  mouth  of  the  Savannah  River, 
where  the  depths  are  23, 21, 21  and  20  feet  respectively,  while  the 
largest  ocean  vessels  draw  from  26  to  28J  feet  of  water  when  fiilly 
laden.  At  New  York  therefore,  and  at  an  average  high  tide, 
there  would  be  danger  of  striking  bottom  even  in  still  water. 
Some  of  these  inlets  are  not  available  for  harbors,  having  no 
anchorage  inside,  and  in  some  others  there  is  an  inner  bar,  where 
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the  depths  are  less  than  on  the  outer.  At  the  important  entrances 
of  Charleston  and  Galveston  there  are  but  about  12  feet  It 
should  also  be  observed  that,  where  the  depth  is  greatest  on  the 
crest  of  the  bar,  its  distance  from  shore  is  greatest,  and  these 
quantities  will  be  found  to  vary  with  the  volume,  direction  and 
velocity  of  the  discharge.  In  places  where  there  is  an  inner  bay 
of  considerable  extent,  there  will  also  be  found  an  inner  bar  pro- 
duced by  the  flood  tides;  and  in  general,  the  plan  of  the  water 
courses  on  the  inside  of  the  entrance  will  be  found  to  consist  of 
three  distinct  features,  due  to  the  spreading  out  of  the  flood  tide 
and  the  restriction  of  flow  of  the  fresh  water  discharge.  Where 
the  coast  is  low,  these  waters  form  the  sounds,  bays  and  lagoons, 
which  extend  nearly  parallel  to  the  shore  and  form  the  tidal  res- 
ervoirs, which  may  be  appropriately  styled  the  tuyeres  of  the  inlet, 
or  the  lungs  of  the  ocean. 

The  condition  of  the  channel  will  be  found  to  depend  very 
largely  upon  the  relative  direction  of  the  axes  of  discharge  from 
these  reservoirs  and  the  land  drainage,  as  well  as  upon  the  slopes. 
Thus  if  the  axes  are  separated  by  90°  each,  there  will  be  an  oppo- 
sition of  the  currents  from  the  lateral  channels  in  the  face  of  the 
fresh  water  discharge,  which  will  greatly  diminish  its  energy  and 
scouring  capacity.  As  the  angle  diminishes,  or  the  currents  ap- 
proach more  nearly  to  the  axis  of  the  land  drainage,  the  resultant 
will  be  increased  and  the  water  be  deepened.  (This  suggests  a 
remedy  for  Galveston  and  other  points.) 

The  charts  show  moreover  that  obstructing  the  entrance  to  all 
of  these  ports,  there  are  found  bars,  which,  in  their  unimproved 
condition,  seldom  lie  more  than  12  feet  below  the  surface.  To 
open  and  maintain  a  permanent  channel  ovQr  them,  is  a  problem 
which  has  long  engaged  the  attention  of  engineers,  and  upon 
which  millions  of  money  have  already  been  expended  with  but 
little  success. 

The  Relations  of  Cause  and  Effect. 

In  all  physical  problems,  before  attempting  to  apply  a  remedy, 
it  is  first  necessary  to  determine  the  forces  and  agencies  which 
have  combined  to  produce  existing  effects,  and  to  ascertain 
whether  they  are  permanent  or  constant  in  their  action,  and 
whether  constructive  or  destructive  in  character. 
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It  thus  becomes  a  fundamental  duty  of  the  engineer  to  collect 
rigorously  all  the  data  relative  to  the  case,  and  to  determine 
from  them  the  mutually  dependent  relations  between  cause  and 
eflFect.  This  must  be  done  not  only  for  a  particular  pha^  or  con- 
dition, but  for  an  extended  series  of  changes  under  as  nearly  as 
possible  all  conditions.  Just  here  is  found  one  of  the  chief  causes 
of  failure  of  such  works;  constructed  hastily  and  in  emergencies, 
to  meet  Existing  conditions,  they  are  soon  destroyed  or  rendered 
useless  by  some  unforeseen  physical  change. 

A  single  survey  of  a  harbor,  however  complete,  cannot  furnish 
all  the  necessary  information.  There  should  be  a  series  of  such 
surveys  at  times  of  greatest  and  least  disturbance,  and  extending 
over  a  number  of  years,  to  exhibit  comparative  changes,  and  show 
the  relative  movements  both  in  amount  and  direction. 

Suggestion  as  to  Hydkographical  Charts. 

To  render  these  observed  facts  more  legible,  it  would  be  much 
better  to  represent  the  submarine  topography  by  shaded  zones, 
representing  the  surfaces  included  between  the  various  fathom 
contours,  instead  of,  as  now  marking  them,  by  an  intricate 
system  of  dotted  lines,  which  become  intelligible  only  by  follow- 
ing each  one  through  all  its  meanderings  immediately  to  lose  it 
again  in  the  multitude  of  its  deflections.  By  these  shaded  or 
colored  zones,  increasing  in  intensity,  and  separated  by  contours 
at  regular  intervals,  the  form  of  the  bottom  mould  is  at  once  re- 
vealed, and  when  it  is  remembered  that  in  alluvicU  formations  this 
bottom  is  plastic,  and  therefore  the  resvMant  or  effect  of  aU  the  forces  act- 
ing upon  Uy  it  wiU  be  seen  how  important  a  key  it  furnishes  to  the  cor- 
rect interpretation  of  the  agencies  which  have  produced  it. 

Moreover,  maps  of  the  same  locality  should  be  plotted  upon  the 
same  scale  and,  if  possible  be,  at  nearly  equal  time  intervals-rsay 
every  five  or  ten  years.  The  contours  should  also  be  at  regular 
intervals.  By  these  means  the  data  collected  would  be  made 
more  valuable  and  intelligible,  and  some  definite  laws  could 
doubtless  be  deduced  which  would  be  of  general  application.  A 
convenient  scale  for  small  harbors  would  be  that  generally  used 
for  surface  topography,  400  feet  to  1  inch  =  xtW- 

If  contours  be  drawn  ever}'  three  feet  or  at  half  fathom  inter- 
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yals,  then  by  making  wooden  models  of  the  volumes  included 
between  these  mid-fathom  lines,  a  convenient  method  is  furnished 
for  determining  by  weight  the  amount  of  work  done  by  the  dif- 
ferent strata  of  water. 

The  Forcbs 

which  act  either  singly  or  in  combination  to  mould  the  harbors, 
are  those  due  chiefly  to  wind  and  water  in  every  possible  con- 
dition of  activity,  and  affected  by  terrestrial  or  universal  gravita- 
tion and  temperature.  Or  more  specifically,  they  are,  the  ocean, 
with  its  flood-tides,  littoral  currents,  waves,  inertia  and  winds  on 
the  one  side,  and  on  the  other,  the  ebb-tides,  land-drainage,  cur- 
rents, and  winds.  These  opposing  forces  in  continual  conflict, 
are  materially  affected  by  the  topography  of  the  field-of-battle. 
The  results  of  the  last  severe  contest  will  also  modify  the  next. 
The  direction  and  intensity  of  the  attacking  and  opposing  forces 
are  constantly  varying,  and  any  attempt,  therefore,  to  formulate 
them,  must  result  in  utter  confusion.  It  can  only  be  said  that 
the  resultant  action  at  any  instant  is  a  function  of  the  forces  act- 
ing at  that  instant,  and  that  these  are  independent  variables, 
whose  values  cannot  be  exactly  determined. 

Physical  Laws. 

There  are,  however,  a  few  physical  laws  which  will  serve  as  a 
guide  to  a  general  solution,  when  aided  by  close  observation. 
They  are: 

1.  The  resultant  effect  is  that  produced  by  the  effort  of  "  Nature  " 
to  establish  and  maintain  an  equilibrium.  Any  improvement 
should  therefore  aim  to  aid  and  not  to  oppose  her. 

2.  That  a  force  will  carry  a  lesser  load  up  hill  than  it  will  roll 
down.  Hence  it  will  be  found  that  the  gentler  slopes  will  face  or 
oppose  the  current  and  the  steeper  ones  the  overfall.  Thus,  by 
an  inspection  of  the  section  of  the  bottom,  it  can  generally  be  de- 
termined which  way  the  resultant  current  has  been  moving  and 
from  whence  came  the  sediment.  This  can  also  be  verified  by 
taking  the  specific  gravities  of  specimens  from  various  points  on 
the  section,  when  it  will  be  found  that  the  heavier  materials 
being  the  first  to  be  deposited,  will  indicate  the  direction  of  the 
movement. 
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3.  That  the  discharge  of  the  ebb  tide  being  augmented  by  the 
land  drainage,  is  greater  than  that  of  the  flood  when  not  affected 
by  local  conditions. 

4.  The  location  where  the  opposing  sea  and  land  forces  are 
most  nearly  in  equilibrium,  or  where  the  regimen  is  constant,  will 
be  indicated  by  the  relative  permanence  of  the  bottom. 

5.  The  immediate  front  or  line-of-battle  will  be  well  defined  by 
the  deposits  which  barricade  the  entrance  to  the  harbor,  forming 
a  chain  of  submerged  breastworks  which  the  opposing  forces  al- 
ternately storm,  and  from  w^hich  each  in  turn  retires  as  its  oppo- 
nent becomes  reinforced  by  the  tides  or  winds. 

Even  where  there  are  no  tides,  but  merely  winds  and  waves 
opposing  the  land  discharge,  as  on  the  great  lakes,  these  bars, 
points,  spits,  or  hooks,  are  a  characteristic  feature  at  certain 
points,  especially  where  ice  is  driven  by  wind  towards  the  mouth 
of  a  river.  One  of  the  most  conspicuous  of  these  is  Minnesota 
Point,  at  the  head  of  Lake  Superior,  where  a  narrow  sand-spit, 
of  about  six  miles  in  length,  makes  and  protects,  as  by  a  break- 
water, a  harbor  of  equal  length  and  one  mile  in  width. 

6.  These  natural  agencies  may  be  materially  interrupted  or 
affected  by  artificial  constructions,  so  as  to  cause  the  land  forces 
generally  to  preponderate,  and  thus  secure  a  resultant  movement 
in  one  direction,  and  that  seaward. 

7.  That  by  contractions  of  a  channel  the  scouring  and  carrying 
capacity  will  be  increased,  and  conversely  by  enlarging,  it  will  be 
diminished.  This  may  be  accomplished  by  the  usual  jetty  con- 
struction, or  by  bottom  dikes,  but  still  better  by  a  vertical  deflec- 
tion of  the  most  energetic  part  of  the  current  in  a  manner  to  be 
more  fully  explained  hereafter. 

8.  It  is  easier  to  deflect  or  divert  a  force  than  it  is  to  oppose  it. 
To  secure  this  result  a  floating,  flexible  curtain  has  been  devised, 
which  is  out  of  reach  of  the  most  violent  wave  action,  and  only 
affects  the  flow  of  the  currents  intended  to  be  diverted. 

9.  Flowing  water  will  follow  the  lines  of  least  resistance  and 
greatest  declivity,  and  when  collected  in  streams  or  currents,  will 
follow  the  thalwegs  of  the  slopes. 

10.  The  resultant  of  a  system  of  forces  which  are  in  equili- 
brium may  be  changed  in  direction  and  intensity  by  modifying 
the  component  forces. 
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11.  That  any  submerged  obstruction  to  a  tide  or  current,  which 
creates  an  overfall  or  produces  lateral  currents,  contains  the  ele- 
ments of  its  own  destruction,  by  undermining. 

As  this  principle  does  not  appear  to  be  fully  recognized,  it  is 
desirable  to  be  more  explicit.  Let  us  suppose  a  current  to  im- 
pinge at  right  angles  to  its  axis  upon  a  jetty  built  to  half  low- 
water.  On  coming  in  contact  with  the  sloping  face  it  is  separated 
into  its  components  up  and  down  the  slopes.  The  upward  com- 
ponents are  urged  on  by  the  overlaying  strata,  and  being  forced 
over  the  crest,  eddy  down  the  opposite  incline  to  the  bottom, 
where,  rolling  like  a  cylinder,  they  grind  out  the  sand  and  throw 
it  over  in  the  channel. 

If  the  axis  of  the  stream  be  inclined  to  that  of  the  jetty,  then  in 
addition  to  the  overfall  scour  there  will  be  strong  lateral  currents 
developed  on  both  sides  of  the  jetties.  The  resultant  direction  of 
the  currents  passing  over  the  crest  will  be  a  helix,  with  greater  or 
less  pitch,  depending  upon  the  united  velocity  and  inclination  of 
axes. 

It  follows,  therefore,  that  if  a  contraction  can  be  secured  by  a 
device  which  does  not  rest  upon  the  bottom  nor  even  touch  the 
shores,  but  floats  on  the  surface,  it  cannot  be  destroyed  by  being 
undermined.  Such  a  system  will  be  found  to  possess  numerous 
and  great  advantages  over  those  now  in  use. 

12.  In  tidal  waters  submerged  jetties  permit  the  dissipation  of 
the  most  vital  part  of  the  force  they  are  intended  to  conserve. 
They  permit  sand  to  be  swept  over  their  crests  by  the  flood  (for 
the  material  of  the  bar  is  mainly  beach  sand,  not  river  sediment), 
only  to  impede  the  outflow  of  or  require  additional  work  from  the 
ebb  by  which  it  may  be  removed.  If  the  ebb  be  not  strong 
enough  it  must  remain  a  permanent  obstruction  in  the  channel. 

In  fact,  that  portion  of  a  submerged  jetty  which  is  on  the  bar 
acts  as  a  dam  to  still  further  diminish  the  available  water-way, 
and  unless  the  velocity  of  the  current  as  it  emerges  from  the  in- 
let or  gorge  be  maintained  by  a  continuous  support  until  it 
reaches  the  bar,  it  will  be  dispelled  and  the  bar  will  shoal  up. 

Thus  it  will  be  seen  that  there  is  on  the  part  of  the  land  forces 
a  tendency  to  scour  out  a  channel,  and  of  the  naval  forces  to 
build  a  bar.     Our  efforts  must  therefore  be  allied  to  the  former 
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and  opposed  to  the  latter.  The  amount  of  the  scour  or  the  depth 
of  the  channel  will  therefore  depend  very  largely  upon  the  topog- 
raphy of  the  bed  of  the  harbor  and  of  the  adjacent  territory,  as 
that  materially  influences  the  tides,  the  volume  and  rapidity  of 
discharge,  the  form  and  position  of  the  bars,  and  the  character, 
extent  and  location  of  the  auxiliary  works  of  improvement. 

It  is  also  manifest  that  dredging  alone  will  not  in  general  pro- 
duce a  permanent  effect,  but  the  dredged  channel  will  simply 
serve  as  a  sump  for  all  that  drifts  into  it,  and  will  soon  be  filled  up. 

The  Analogy. 

The  action  of  the  winds  and  waves  on  a  sandy  bottom  may 
best  be  compared  to  that  of  the  snow  storms  of  our  western 
prairies.  There  it  is  invariably  found  that  the  windward  slopes 
are  swept  clean,  while  to  the  leeward  of  obstruction,  even  though 
they  be  merely  fences,  the  snow  curls  over  and  is  banked  up  in 
drifts  many  feet  deep.  The  overfall  or  swirl  of  wind  scours  a 
deep  channel  close  up  under  the  lee  of  the  house  or  fence,  but 
just  beyond  there  is  the  compacted  mass  of  almost  impenetrable 
snow.  A  country  road  in  open,  level  ground,  will  be  found 
packed  full  of  the  snow  which  has  been  carried  over  and  between 
the  bars  or  rails  of  the  fence  to  leeward — while  to  the  windward 
the  fields  are  swept  clean.  The  slight  interference  caused  by  the 
open  fences  reducing  the  velocity  and  changing  its  direction,  pre- 
cipitates the  snow  just  where  in  this  case  it  is  not  wanted. 

So  generally  is  this  action  recognized  that  in  the  location  of  all 
railroads  an  effort  is  made  to  keep  the  grade  a  few  feet  above  the 
general  level  of  the  prairie,  and  where  this  is  not  possible,  three 
or  more  rows  of  snow  fences  or  hedges  are  placed  on  the  wind- 
ward side  of  the  track,  at  intervals  of  150  to  200  feet,  to  catch  the 
snow  before  it  reaches  the  cut.  With  snow-drifts  the  accumula- 
tion does  not  extend  beyond  one  winter,  as  the  heat  of  the  suc- 
ceeding season  entirely  dispels  them,  but  with  the  ocean  the  ac- 
tion is  more  constant,  and  hence  whenever  barricades  are  erected 
to  resist  her  forces,  they  must  be  made  so  permanent,  be  so  placed 
and  so  high  as  to  compel  a  continuous  change  of  base  to  the  rear. 

It  may  be  objected  that  such  a  policy  involves  a  constant  ex- 
pense.   This  may  be  true,  but  only  to  a  limited  extent,  for  it 
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should  be  remembered  that  nature,  having  been  abandoned 
to  herself  for  many  centuries,  has  by  so  much  the  start,  and 
has  had  time  to  thoroughly  intrench  herself,  but  so  soon  as 
the  approaches  are  completed  to  the  outside  of  the  bar,  then 
only  a  very  small  expenditure  will  be  necessary  to  maintain 
and  extend  them  in  places,  where  there  may  not  be  ample 
"dumping  ground"  beyond.  In  many  localities  the  topography 
may  be  such  as  to  cause  the  scoured  material  to  be  dissipated 
by  littoral  currents,  and  a  permanent  channel  will  thus  be 
secured  without  additional  cost,  and  generally  the  water  pass- 
ing through  the  gorge  to  the  sea,  has  deposited  most  of  its  sedi- 
ment in  the  inner  bays,  and  the  bars  are  formed  from  the  sand 
carried  up  by  the  "  flood."  Keep  that  sand  out  and  the  formation 
of  bars  in  the  channel  will  be  prevented  to  that  extent. 

Otherwise  these  unceasing  natural  agencies  must  be  allowed 
to  continue  uncontrolled  and  uninfluenced  by  works  of  man,  and 
the  result  will  be  a  barricaded  coast  line,  strewn  with  the  wrecks 
of  the  lives  and  fortunes  of  "  them  that  go  down  to  the  sea  in 
ships,  that  do  business  in  great  waters," 

The  Resultants. 

Before  deciding  where,  when  and  how  to  dispose  of  our  re-in- 
forcements  in  this  contest  with  the  sea,  it  will  be  necessary  to 
learn  something  more  as  to  the  strength  and  position  of  the 
.  aggressors.  These  ocean  forces  consist  of,  1.  the  Gulf  Stream  flow- 
ing from  the  Florida  Keys,  where  it  has  a  velocity  of  3  to  5  miles 
per  hour,  diminishing  to  about  1  mile  ofi*  Hatteras,  as  the  stream 
expands.  The  walls  of  this  stream  are  well  defined,  and  its  force 
is  very  variable  both  in  direction  and  intensity.  Its  bed  is  beyond 
the  100-foot  contour. 

2.  Between  it  and  the  shore-line  a  cold  Arctic  current  extends 
along  the  entire  coast,  flowing  in  a  direction  opposed  to  that  of  the 
Gulf  Stream,  thus  forming  along  the  inner  wall  numerous  eddies, 
and  along  the  coast  complicated  littoral  currents. 

3.  These  streams  are  both  modified  by  the  tidal  wave  with  its 
diurnal  variations  of  ebb  and  flow. 

4.  There  is  also  the  opposition  to  the  fresh  water  discharge, 
which  is  impounded  by  the  ocean  in  lagoons,  bays,  sounds  and 
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estuaries — where  its  sediment  is  mainly  deposited  before  reaching 
deep  water. 

5.  The  forces  of  winds  and  waves  separately  or  in  conjunction, 
acting  both  above  and  below  the  surface. 

These  may  be  taken,  for  the  wind,  at  50  lbs.  per  square  foot, 
and  for  the  waves,  at  from  2  to  3  tons.  This  latter  force  is  re- 
latively small  bdow  the  surface,  as  it  is  there  resisted  by  the  in- 
ertia of  surrounding  particles,  making  an  impact  under  water 
difficult;  but  above  the  surface  it  is  projected  with  great  violence 
through  a  less  resisting  medium  upon  any  obstruction  it  may 
encounter.  Experiments  made  at  Oswego  Harbor  Breakwater 
during  a  storm  gave  the  following  pressure  upon  a  dynamo- 
meter attached  to  its  face  and  fully  exposed  to  the  N.  W.  gales. 
At  surface,  960  lbs.  per  square  ft.,  8  feet  below,  25  lbs.,  16  ft.  be- 
low, nothing;  and  at  another  time,  at  8  ft.  above  it  was  950  lbs.,  at 
the  surface,  900  lbs.,  and  8  ft.  below,  zero.  The  depth  of  water 
was  30  to  36  feet. 

Another  series  of  experiments  were  conducted  on  Lake  Michi- 
gan to  determine  the  effect  of  the  wave  action  upon  sand  at 
various  depths,  as  follows.  Boxes  were  placed  on  a  shelving  bot- 
tom at  depths  of  6, 12,  18  and  20  feet,  and  anchored.  After  a 
storm  the  highest  one  was  found  to  be  full  of  sand,  the  next  about 
half  full,  the  third  contained  very  little,  and  the  last  none.  They 
were  spaced  at  regular  intervals,  extending  2000  feet  into  the  lake. 
"  The  effects  of  the  wind  alone  are  manifest  in  the  movement  of 
the  sand  dunes,  sometimes  100  feet  high,  on  Carrituck  Beach,  bury- 
ing under  them  huts,  trees  and  shrubbery,  and  filling  up  the 
sounds.  The  course  on  this  part  of  the  coast  is  known  to  be  south- 
west. The  direction  is  always  indicated  by  the  steepest  side, 
which  is  under  the  lee  of  the  dune.  The  following  general  result- 
ant of  gales,  in  1875,  will  show  the  direction  and  intensity  of  pre- 
vailing winds  during  that  year  at  the  localities  mentioned: 

Norfolk,  Va.,  310  miles  towards,    .     .     .     N.  74°  18'  E. 

Cape  Henry,  8587  miles      "  ,     .     .    S.     9°  56' \V. 

Kittyhawk,  16,732    "  ''  ,    .     .    S.  35°  35'  W. 

Cape  Hatteras,  5697  miles  "  .     .     .    S.  80°  30'  W. 

Wilmington,  N.C.,  4154  miles  towards,  .     N.  40°  48'  E. 

♦  Reiv>rt,  Chief  of  Eng.,  1876.    Report  of  8.  T.  AWrt,  U.  S.  C.  E. 
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The  resultant  being  largely  from  the  N.  E.,  corresponding  with 
the  movement  of  the  dunes  to  the  S.W.  Hence  a  careful  inspec- 
tion of  topographical  feature  will  often  reveal  the  general  direc- 
tion of  the  forces. 

The  general  condition  of  stability  along  the  North  Carolina  coast 
is  shown  from  the  following  table  of  depths  at  principal  inlets : 

1708  1738  1776    U.S.C.S.  1876. 

Hatteras 15.0  ft.      7.0  ft.    —  14.  ft. 

Ocracoke       10.0 

Beaufort 10.2 

Cape  Fear  River   .    .     .    12.5 
Thus  in  167  years  the  first  appears  to  have  shoaled  one  foot; 
the  sjecond,  to  have  deepened  IJ  foot;  the  third,  1.8  foot;  and  the 
fourth,  to  have  remained  constant,  though  with  intervening  vari- 
ations. 

An  attempt  to  cut  an  inlet  through  the  beach  at  Nag's  Head 
was  made  about  1850.  Congress  appropriated  $50,000,  and  oper- 
ations were  commenced  on  the  plans  of  Lieut.  Woodbury,  and 
continued  until  May  13th,  1856,  when  Lieut.  Whiting  was  as- 
signed to  the  work.  Col.  TumbuU  and  he  subsequently  reported 
"that  $40,000  have  been  expended,  and  at  this  time  there  is 
scarcely  a  trace  to  be  seen  of  what  was  done,  the  drifting  sand 
filling  the  trench  as  fast  as  it  was  excavated  by  the  dredging 
machine." 

The  progress  chart,  U.  S.  C.  S.,  of  Section  III,  1868,  shows  that  a 
number  of  bottles,  which  were  dropped  overboard  along  the 
coast  off  the  Eastern  Shore  of  Virginia,  and  about  15  miles  out, 
all  moved  southwesterly  to  the  points  where  they  were  found  on 
the  beach  from  two  to  sixty  days  later.  It  will  also  be  seen  from 
the  charts  that,  after  debouching  from  the  gorge  of  the  inlets, 
the  channels,  when  they  are  not  protected  by  a  lee-shore,  are 
bent  to  the  south  and  southwest.  This  flexure  continues  to  in- 
crease until  the  channel  is  crowded  over  against  the  adjoining 
southern  lip  of  the  coast,  where  it  fills  up  to  such  an  extent  as  to 
cause  the  imprisoned  waters  to  escape  at  some  weak  points  more 
nearly  opposite  the  gorge,  and  so  renew  the  cycle. 

The  general  formula  for  mean  velocity  is  V  ==  C^/RS,  and  for 
the  discharge,  D  =  AV,  and  the  invariable  action  of  the  escaping 
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water,  after  passing  the  mouth  of  the  inlet,  is  to  spread  out  over 
a  much  larger  area,  having  a  lesser  surface  slope,  by  which  both 
factors  under  the  radical  are  reduced — ^and  the  force  due  to  the 
velocity  is  dissipated.  In  all  attempts  at  improvement  on  our 
Southern  coast,  the  object  has  been  to  preserve  the  normal  values 
of  R  and  S  at  the  gorge  often  by  a  system  of  submerged  jetties, 
which  for  the  reasons  previously  stated  have  not  been  successful. 

Galveston  and  Charleston. 

For  example,  at  Galveston,  Texas,  an  eflTort  has  been  made  for 
eleven  years,  at  a  cost  of  about  two  millions  of  dollars,  to  increase 
the  depth  of  water  over  the  bar,  by  building  a  line  of  submerged 
jetties  on  the  south  side  of  the  entrance,  from  Fort  Point  to  the 
crest  of  the  bar,  a  distance  of  4^  miles.  When  this  work  of  im- 
provement was  begun,  in  1874,  there  was  a  depth  of  but  12  feet 
on  both  outer  and  inner  bars.*  In  the  report  for  1884,  Chief  of 
Engineers,  page  1301,  Mr.  Ripley  says,  in  commenting  on  the 
survey  of  this  entrance:  "Upon  the  crest  of  the  bar  but  slight 
changes  have  occurred.  The  depth  in  the  jetty  channel  remains  at 
13  feet,  at  mean  low  tide.'*  This  is  the  greatest  depth  on  the  crest, 
and  is  limited  toa  very  small  area  near  the  outer  end  of  the  jetty 
— so  near,  in  fact,  as  to  make  it  dangerous  for  a  sailing  vessel  to 
try  to  reach  it  in  a  N.  E.  wind.  Thus  it  may  be  said  that  about 
one  foot  has  been  gained  in  the  depth,  and  that  by  the  local  scour 
or  overfall  at  the  end  of  the  jetty,  and  not  by  contraction. 

At  Charleston,  before  extended  improvements  were  commenced, 
in  1878,  there  were  12J  feet  of  water  on  the  bar,  and  a  carefully 
elaborated  plan  of  improvements  was  then  forwarded  by  the  Chief 
of  Engineers  to  Congress,  containing  this  quotation  from  the  Re- 
port of  the  Board  of  Engineers  appointed  to  consider  the  plan: 

"The  channel  over  the  bar  can  be  improved  to  a  probable 
depth  at  mean  low  water  of  21  feet  by  the  use  of  jetties,  submerged 
in  whole  or  in  part,  and  by  a  mode  of  construction  very  gradual 
in  its  progress,  which  will  admit  of  such  modification  in  the 
lengths  and  heights  of  the  jetties,  as  experience  shall  dictate. "t 
"The  estimated  cost  of  the  proposed  improvement  will  vary  from 
$1,800,000  to  $3,000,000." 


♦  Page  723,  Report  of  Chief  of  Eng.,  1874,  Part  I. 
t  Page  554,  1878,  Part  I. 
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And  at  this  stage  of  the  work,  we  find  from  the  reports  and 
maps  of  1884,  this  statement:  "The  outer  15  and  18  foot  curves 
of  the  bar  show  but  little  change.  The  present  shoalest  sounding 
along  the  channel  at  mean  low  water  is  twelve  feet."*  This  is 
the  greatest  depth  of  water  on  the  crest  of  the  bar  and  between 
the  jetties.  Instead,  therefore,  of  21  feet,  the  figures  are  reversed, 
and  a  half  a  foot  of  water  has  been  lost. 

The  theory  on  which  submerged  jetties  is  based,  and  the  reason 
for  their  adoption,  are  given  in  Report  of  1878,  Part  I,  page  559, 
where,  speaking  of  the  plans  for  Charleston,  the  eminent  writer 
saysrf  "One  characteristic  feature  of  the  design,  that  of  low  jet- 
"ties,  is  intended  to  maintain  the  bar  in  its  present  general  loca- 
"tion  with  such  moderate  increase  of  magnitude,  as  may  be  ex- 
"pected  to  result  from  concentrating  upon  a  gap  one-half  to  five- 
"  eights  of  a  mile  in  width,  a  portion  of  the  water  which  is  now 
"dispersed  over  a  width  of  10  miles. 

"The  completer  success  of  the  works  is  believed  to  depend  on 
"three  important  conditions,  which  they  are  expected  in  great 
"  measure  to  satisfy,  and  which  have  been  kept  in  view  in  pre- 
"  paring  the  design,  viz. : 

"  1.  They  should  not  impede  the  infloio  to  such  an  extent,  as  to  pre- 
"vent  the  tidal  basin  being  fitted,  as  now  at  every  influx  of  the  tidal 
"wave, 

"To  this  end  the  inner  half  of  each  jetty,  more  especially  its 
"central  position  located  in  deep  water  across  the  thread  of  the 
"  current,  is  kept  several  feet  below  the  water.  The  outer  half, 
"being  nearly  parallel  to  the  direction  of  the  flow,  is  built  higher, 
"and  the  sea  end,  for  a  distance  of  several  hundred  feet,  may  be 
"carried  high  enough  to  be  visible  at  all  stages  of  the  tide. 

"  2.  They  should  control  the  outflow  to  such  a  degree  and  in  such  a 
"manner  that  a  channel  of  the  required  depth  witt  be  mmntained 
"  through  the  bar, 

"To  this  end,  although  a  large  portion  of  the  surface  flow  will 
"spread  opt  over  the  tops  of  the  jetties  and  thence  over  the  bar, 
"the  central  flow  throughout  the  entire  depth  along  the  axial  line 
"of  the  gorge,  *  *  is  aided  in  its  natural  tendency  to  reach  the 

*  Report  of  Chief  of  Engineers,  1884,  Part  II,  page  1087. 
t  1878,  Part  I,  page  55S 
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"  sea  along  the  prolongation  of  that  line  by  the  opening  left  for  it 
"  between  the  jetties.  The  bottom  flow  through  the  gorge  of  the 
"  harbor  is  deflected  on  converging  lines  by  the  jetties,  and  is 
"  therefore  forced  in  a  measure  to  concentrate  itself  in,  and  flow 
"  out  through,  the  gap  between  them." 

The  above  movement  in  strata,  while  perhaps  simple  in  theory, 
is  defective  in  practice,  for  the  reason  that  no  account  has  been 
taken  of  the  mould  of  the  bottom,  and  that  before  water  will  run 
up  a  hill  68  feet  high  (which  is  the  difference  in  level  between 
the  bottom  of  the  gorge  and  the  crest  of  the  bar),  it  will  flow  over 
the  tops  of  the  submerged  jetties,  which,  at  the  lower  points,  is  20 
feet  below  the  crest  of  the  bar,  or  32  feet  below  low  water.  The 
energy  is  therefore  dissipated  in  these  side  issues,  and  not  concen- 
trated upon  the  gap  of  the  jetties — a  sure  cause  of  defeat  in  such 
a  conflict. 

And  the  third  reason  for  this  system  is: 

"  3.  They  should  not,  to  any  consideroAle  extent;  canse  a  movement 
*^  seaward  of  the  main  body  of  the  bar;  thai  is,  the  general  position  of 
"  the  bar  should  be  independent  of  the  effects  produced  between,  and  be- 
"yond  the  heads  of  the  jetties. 

"  It  is  believed  that  this  condition  will  be  secured  by  making 
"  the  shore  end  of  the  jetties  low  for  at  least  one-half  their  length, 
"  or  throughout  those  portion  which  cross  the  thread  of  the  cur- 
"  rent  in  deep  water,  so  as  to  allow  the  tide  to  ebb  and  flow  some- 
"  what  freely  over  them.  The  eflect  of  high  jetties,  with  a  corre- 
"  spending  wide  gap  between  them  to  allow  a  full  influx  of  the 
"tide,  would  tend  to  transfer  the  gorge  of  the  harbor  from  its  pre- 
"sent  position  to  the  sea-ends  of  the  jetties  and  move  the  shore 
"  line  out  to  that  point  by  causing  a  filling  in  of  the  exterior 
"  angles  between  the  jetties  and  the  shore.  After  reaching  this 
"  stage,  a  drift  and  wave  bar  would  probably  be  found  to  the  sea- 
"  ward  of  the  present  bar,  in  front  of  the  jetties,  rendering  it  neces- 
"  sary  to  extend  them  in  order  to  cut  a  passage  through  it." 

Here,  then,  we  find  theory  opposed  to  theory  and  no  deduction 
from  numerous  precedents,  but  because  a  wave  bar  would  prob- 
ably be  formed,  therefore  the  submerged  jetties  were  adopted. 

The  report  further  states: 

**  The  drift-material  carried  along  the  coast  by  the  surf-currents, 
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as  well  as  the  sand  thrown  up  by  the  breakers  on  the  north  and 
south  shoals,  instead  of  lodging  in  and  filling  up  the  exterior 
angles  between  the  jetties  and  the  shore,  as  in  the  case  of  high 
jetties,  will  be  disposed  of  in  a  harmless  manner." 

"For  example,  a  heavy  north-easterly  storm  *  *  would  put  in 
"motion  a  large  quantity  of  material,  a  portion  of  which  would 
"be  carried  in  by  the  flood-currents  over  the  north  jetty,  *  * 
"  coming  to  rest  in  the  deep  water  of  the  main  channel.  It  would 
"  next  be  taken  up  by  the  ebb  current  and  rolled  out  to  sea  be- 
"tween  the  jetties,"  etc. 

This  disposition  of  sand  we  must  take  exception  to  as  being 
unnatural,  for  the  reason  that  it  would  be  necessary  to  carry  the 
load  up  a  steep  ramp  with  a  weak  current,  whereas  there  is  a 
line  of  less  resistance  and  a  stronger  current  in  a  direction  at 
right  angles  thereto,  during  the  prevalence  of  the  storm. 

The  fallacy  of  the  above  proposition  is  further  confirmed  by 
the  report  of  the  diver,  made  in  1884.  He  says,  inter  alia:  "As 
"a  rule  more  stone  was  reported  on  the  inner  than  on  the  sea 
"side  of  the  jetties.  The  displacement  of  the  stone  appears  to  be 
"  mainly  due  to  the  action  of  the  waves,  though  in  some  cases 
careless  distribution  is  suspected." 

"  The  sand  is  almost  invariably  piled  up  more  on  the  sea  sides 
than  on  the  inner  sides  of  the  jetties.  Considerable  scour  has 
"  taken  place  along  the  channel  edges  of  the  outer  portions  of 
"both  jetties.  This  is  more  marked  along  the  north  than  along 
"the  south  jetty.  The  spurs  along  the  south  jetty  appear  to  have 
"been  a  protection  against  scour.  The  effect  of  the  'flood'  in 
"piling  up  sand  is  greater  than  the  ebb,  in  the  immediate  vicin- 
"  ity  of  the  jetties." 

Thus  we  find  confirmed  the  proposition  No.  11  concerning  the 
scour  produced  by  submerged  jetties,  as  well  as  the  general  state- 
ment in  regard  to  the  direction  of  the  resultant  of  all  the  forces 
being  from  the  N.  E. 

Yet  in  the  face  of  these  facts  it  is  proposed  to  build  a  half  tide 
dike,  5  miles  long,  at  the  entrance  to  the  lower  bay  of  New  York 
Harbor,  and  so  create  a  general  disturbance  of  all  the  channels 
which  are  considered  "  permanent  and  improving."  This  is  a 
case  where  a  local  concentration  of  forces  upon  some  one  outlet 
would  be,  in  our  opinion,  a  far  more  successful  treatment. 
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Such  local  treatment  can  only  be  made  successful  after  a  com- 
plete physical  survey  of  the  immediate  channel  to  be  improved, 
showing  its  relation  to  all  modifying  forces  and  influences.  No 
deductions  of  great  value  can  be  obtained  from  the  general 
direction  of  ebb  and  flood  tide,  nor  of  mean  velocities,  as  it  is 
found  that  there  are  numerous  independent  streams  in  every 
estuary,  which  are  very  variable  in  their  action  under  different 
conditions  of  wind  and  tide.  Thus  at  Cromarty  Firth,  where  the 
gorge  is  4500  ft.  wide  and  150  ft.  deep,  it  was  found  that  while 
the  surface  velocity  was  but  1.8  miles  per  hour,  at  50  ft.  depth  it 
was  not  less  than  4  miles  during  the  flood  tide,  and  during  the 
ebb  the  surface  velocity  was  2.7  miles,  and  that  at  50  ft.  depth  it 
was  4.5,  so  that  no  deductions  from  surface  velocities  would  have 
been  of  much  value. 


Part  II. 

HARBOR  STUDIES. 

Application  to  New  York  Entrance. 

By  Prof.  L.  M.  Hauft,  Active  Member  of  the  Clab. 

Bead  February  6th,  1886. 

At  New  York  Harbor  nature  has  made  special  provision  for 
an  excellent  channel,  but  as  yet  the  problem  remains  unsolved. 
An  inspection  of  the  maps  of  the  lower  bay  shows  several  peculiar 
and  anomalous  conditions.  The  first  is  the  flexure  of  the  outer 
ends  of  the  various  overflow  or  waste  weir  channels  to  the  north- 
ward, or  in  a  direction  contrary  to  that  existing  along  the  south- 
ern coast,  as  has  already  been  shown.  This  indicates  a  resultant 
current  along  the  Jersey  shore  in  a  northerly  direction,  and  ac- 
counts also  for  the  existence  of  Sandy  Hook.  The  bar  to  the 
N.  E.  of  and  adjoining  the  Hook  also  affirms  this  supposition,  as 
it  is  formed  on  the  neutral  ground,  where  the  discharge  from  the 
main  channel  encounters  this  strong  flood  current.  The  result- 
ant of  these  two  forces  is  then  met  a  little  further  to  seaward  by 
the  water  of  the  "Swash  Channel"  at  an  angle  of  about  45°,  and 
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at  the  same  time  that  a  portion  of  the  ebb  is  j9owing  the  flood  is 
coming  north  past  the  Hook,  producing  an  eddy  with  an  axis  of 
rotation  nearly  vertical,  and  having  a  movement  in  a  direction 
nearly  N.  and  S.  over  a  distance  of  about  1 J  miles.  The  effect 
of  this  is  to  cut  out  a  hole  or  basin  through  the  eastern  part  of 
the  dry  Romer  Shoal,  reaching  to  nearly  52  ft.  depth,  with  a 
length  of  about  IJ  miles  and  average  breadth  of  300  yards,  or, 
taking  the  general  dimensions  below  the  five  fathom  curve  to  be 
2100  X  300  X  4.5  yds.,  the  contents  of  this  hole  will  be  about 
2,830,000  cubic  yds. 

This  is  not  merely  a  temporary  freak  of  nature  of  recent 
origin,  but  a  resultant  of  all  the  forces  which  have  been  acting 
upon  that  section  of  the  harbor  from,  and  before,  the  date  of  the 
earliest  coast  survey,  about  1835,  when  this  basin  is  shown  ex- 
tending north  from  the  western  end  of  Gedney's  Channel  and 
very  nearly  at  right  angles  thereto.  Comparison  of  the  several 
charts  show  but  slight  changes  during  the  past  thirty  years. 

Some  of  the  U.  S.  C.  S.  reports  upon  New  York  Harbor  call 
special  attention  to  this  remarkable  hole,  but  do  not  offer,  so  far 
as  we  have  discovered,  any  reason  for  its  existence. 

Here  then  we  find  a  reservoir  of  pent-up  forces  at  the  head  of 
the  channel,  which  it  is  proposed  to  deepen  by  dredging  at  an 
estimated  cost  of  $350,000,  but  no  attempt  is  proposed  to  be  made 
to  utilize  this  power  for  assisting  in  opening  and  maintaining  this 
channel.  On  the  contrary,  as  before  stated,  it  has  been  proposed 
to  change  the  present  regimen  of  the  harbor  and  all  existing  chan- 
nels, by  building  practically  a  submerged  dike  of  about  5  miles 
in  length,  at  a  cost  of  about  $5,000,000,  to  contract  the  waterway 
and  increase  the  mean  velocity  of  the  discharge,  thus  forcing  the 
bar  farther  out  to  sea,  with  no  more  certainty  of  producing  a 
single  deep  water  channel  than  at  present. 

It  is  a  well-known  law  of  mechanics,  that  any  system  of  forces 
in  equUihrium  may  be  changed  both  in  directio^a  and  intensity  by 
modifications  in  the  component  forces.  Hence,  if  we  can  intercept 
or  change  any  of  the  forces  acting  upon  the  resultant  at  the 
head  of  Gedney's  Channel,  so  as  to  change  the  direction  of  that 
resultant,  and  turn  it  into  the  axis  of  the  channel,  there  will  be 
no  doubt  of  its  ability  to  make  and  keep  an  excellent  open- 
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ing  into  the  harbor  of  New  York,  and  unless  this  force  is  so. 
modified,  the  mere  dredging  of  a  channel  will  prove  to  be  of 
but  temporary  benefit  to  the  commerce  of  this  great  metropolis. 
To  dredge  a  channel  of  1000  ft.  in  width  and  4000  ft.  in  length, 
giving  thirty  feet  of  clear  water  at  low  tide,  would  require  the 
removal  of  700,000  cubic  yds.  measured  in  place.  This  is  just 
about  one-fowrth  the  size  of  the  hole  made  by  the  natural  forces 
close  at  hand.  All  that  is  required,  then,  is  the  judicious  expen- 
diture of  a  small  fraction  of  the  money  estimated  to  be  necessary 
at  this  entrance,  for  the  purpose'  of  putting  into  execution  the 
local  constructions  which  may  be  found  necessary  to  deflect  these 
forces  in  such  a  direction  as  to  open  and  maintain  this  channel. 

It  is  believed  that  the  expenses  may  be  still  further  greatly 
reduced  by  a  recently  invented  automatic  dredge,  producing  a 
violent  scour  similar  to,  but  greater  than  that  induced  by  con- 
tractions in  large  rivers. 

The  physical  hydrography  now  in  progress  by  the  U.  S.  Coast 
and  Geodetic  Survey  should  be  suflSciently  complete  to  furnish 
all  the  data  for  the  correct  solution  of  this  interesting  physical 
problem,  when  completed. 

To  confirm,  if  possible,  the  theory  as  to  the  cause  of  the  deep 
hole  on  the  bar  at  the  entrance  to  New  York  Harbor,  search  was 
made  of  records  in  the  oflBce  of  the  U.  S.  Coast  Survey,  and  there 
was  found  a  manuscript  report  of  Prof.  Henry  Mitchell,  Assist- 
ant, of  .a  survey  made  in  1858,  with  numerous  diagrams  and 
tables  relating  to  tides  and  currents,  also  charts  showing  the  re- 
sultant scour  of  the  current  during  a  period  of  24  hours  at 
numerous  points  in  the  lower  bay,  and  at  various  depths,  from 
the  surface  to  24  feet.  This  report,  so  happily  confirming  the 
previous  deductions  based  upon  the  mould  of  the  harbor,  has 
never  been  published,  but  the  following  extracts  will  serve  to 
verify  the  conclusions  as  to  the  causes  of  the  hole,  and  to  show 
the  need  in  this  case  of  a  purely  local  treatment. 

"The  bar  of  New  York  is  not,  strictly  speaking,  a  river  delta — 
it  is  not  composed  of  the  muds  brought  down  by  the  Hudson, 
but  of  quartz  sand  in  every  respect  resembling  that  of  the  New 
Jersey  shore.  *  *  The  river  current  takes  an  active  part  in  the 
nrrangement  of  the  materials  which  it  finds  in  its  path." 
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"The  quartz  sand  on  the  bottom  moves  forward  in  ridges,  pre- 
cisely  in  the  same  manner  that  dunes  travel  upon  the  shore:  the 
sand  rolls  up  a  long  slope,  then,  on  reaching  the  top,  falls  over 
a  precipice."  *  *  * 

"As  a  general  rule,  the  forms  of  the  channels  indicate  the 
nature  and  power  of  the  scouring  forces."  *  *  * 

"  To  ascertain  the  directions  and  relative  amounts  of  scour  for 
these  stations,  we  have  compounded  the  hourly  velocities  and 
developed  the  resultant  and  its  azimuth  in  each  case.  In  doing 
this  we  have  used  the  most  general  equations  for  the  composition 
of  forces,  so  that  the  data  have  been  faithfully  used,  and  the 
proper  weight  given  to  each  observation  taken  from  the  record. 
The  arrows  upon  the  diagrams  are  plotted  from  these  results. 
Diagram  E  exhibits  the  comparative  scours  as  calculated  from 
the  motions  of  a  superficial  stratum.  Shaded  bands  connect  the 
stations  where  the  least  scour  obtains.  *  *  *  The  currents  cross- 
ing the  banks  on  the  outer  portion  of  the  bar  have  surface  re- 
sultants of  considerable  power." 

"  The  central  part  of  the  Swash  Channel  is  but  feebly  scoured 
by  the  currents,  and  we  cannot  believe  that,  if  the  summer  regi- 
men of  the  rivers  maintained,  this  channel  could  be  kept  open." 

"  The  avenue  between  the  Eastern  and  Gedney's  Channels  is 
scoured  by  the  deflection  of  the  flood,  which  impinges  upon  the 
Romer.  The  resultant  takes  a  northeasterly  course  in  this 
channel." 

"Upon  Diagram  Ej  and  Eg  are  plotted  the  resultants  of  mo- 
tions at  twelve  and  twenty-four  feet  respectively.  The  most 
general  facts  are  the  same  upon  these  as  upon  the  surface  sheet. 
The  curve  of  least  scour  crosses  the  localities  of  least  depth." 

"It  would  appear  that  24  feet  is  the  limit  of  the  river  scour; 
but  .in  the  vicinity  of  Gedney's  Channel  the  combined  powers  of 
the  two  bays  still  gives  us  an  active  resultant.  Our  table  gives  a 
few  resultants  for  36  feet,  which  is  below  the  transition  plane  for 
the  counter  forces."  *  *  * 

"  The  loccdities  of  l-east  scour  are  not  always  those  of  least  a^ioUy 
in  other  words,  points  of  great  activity  are  not  necessarily  those 
of  effective  work.  On  the  middle  ground,  near  Flinn's  Knoll 
for  instance,  we  have  strong  currents,  but  the  ebb  and  flood  are 


304  Haupt — Harbor  Stvdie$.  [Proc.  Eng.  Club, 

SO  nearly  equal  and  opposite  at  each  station,  that  the  resultant  is 
feeble,  and  no  removal  of  material  can  take  place.  The  same 
locality  illustrates  another  important  fact,  namely:  that  the 
direction  of  the  scour  may  differ  widely  from  that  of  the  flood  or 
ebb.  It  may  bisect  the  angle  between  the  last  two.  In  a  case 
like  this,  observations  and  calculations  of  a  less  careful  character 
than  those  we  have  instituted  would  deceive  us  entirely."    *  *  * 

*'  With  the  aid  of  facts  like  those  we  have  detailed,  the  intelli- 
gent  engineer  designing  to  deepen  channels,  or  to  erect  structures 
in  the  sea,  may  determine  at  what  points  his  operations  are  likely 
to  be  successful,  for  his  aim  will  be  to  secure  the  co-operation  of 
natural  forces,  or  not  to  oppose  them  materially.  There  are  some 
parts  of  New  York  Harbor  where  the  good  offices  of  Nature  can 
be  quickened  by  artificial  means,  at  others  no  human  efforts  can 
avail." 

The  diagrams  referred  to  are  reproduced  herewith,  showing  the 
resultants  at  the  surface,  at  12  feet  and  at  24  feet.  From  these  it 
appears  that  the  aggregate  force  is  greater  at  the  head  of  Oedney^s 
Channel  than  at  any  other  point  on  the  outer  bar. 

In  further  confirmation  of  this  statement,  the  following  ex- 
tracts are  taken  from  a  report  of  Prof  A.  D.  Bache,  Superintend- 
ent of  the  U.  S.  Coast  Survey,*  where,  under  the  title :  "  Normal 
Oarrents  oJt  the  Entrance  to  New  York  Bay"  he  says: 

The  eastern  grimp  of  stations,  comprehending  the  positions  B,,  B^  Q,  and  H  (see 
Sheet  I),  show  the  currents  at  and  within  the  bar  in  the  vicinity  of  Gredney's  Chan- 
nel; the  middle  group,  embracing  the  stations  P,  O,  I,  Aj,  A,  between  the  eastern 
portion  of  Flinn's  Knoll  and  the  point  of  Sandy  Hook,  shows  the  current  of  this 
part  of  the  Main  Ship  Channel,  while  the  toestem  group,  B  and  Bj,  gives  the  currents 
for  the  western  part  of  the  Main  Ship  Channel  in  the  vicinity  of  Southwest  Spit. 

''About  fifty-six  minutes  afler  high  water  at  Sandy  Hook,  the  ebb  current  begins 
to  make  in  the  eastern  group,  running  east  by  south,  reaching  its  greatest  rate  of 
about  1.71  miles  per  hour  (in  about  three  hours),  and  then  decreasing  (in  about  three 
hours)  to  zero  and  turning  to  flood  at  about  Ih.  33m.  after  the  time  of  low  water, 
the  ebb  thus  being  estimated  at  6h.  19m.  The  flood  reaches  its  maximum  in  about 
three  hours,  when  its  rate  is  1.11  miles  per  hour,  running  generally  northwest  for 
about  5h.  43m. ;  and  reaching  slack  water  about  56m.  after  the  time  of  high  water 
at  Sandy  Hook.  The  flood  exceeds  the  ebb,  for  stations  near  Gedney's  Channel,  by 
about  34m.,  and  the  greatest  rates  are  as  17  to  11;  the  average,  as  10  to  6." 

"The  scouring  done  by  these  currents  will  vary  with  the  product  of  the  duration 

♦  Page  197,  Beport  of  1858. 
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and  the  square  of  the  mean  velodtj,  if  the  material  to  be  acted  upon  be  the  same. 
In  the  eastern  aecUon,  therefore,  the  work  done  by  the  ebb  is  to  that  done  bj  the  flood 
as  45  to  1. 

"  In  the  middle  section  it  will  be  as  9  to  1,  while  in  the  western  section  the  feeble 
labors  of  the  ebb  and  flood  are  nearlj  equal,  and  their  directions  so  nearly  opposed, 
that  little  ultimate  scouring  is  affected.  The  form  of  the  bottom  is  in  accordance  with 
these  results.  *  * 

''The  ebb  current,  with  its  concentration  of  forces,  is  a  far  more  powerful  agent 
than  the  flood ;  its  scouring  capacity  along  its  normal  course  must  be  more  consider- 
able, and  it  creates  more  extensive  draught-currents.  *  *  Again,  the  ebb  stream  holds 
its  course  across  the  middle  of  shallow  basins  in  a  narrow  stream,  while  the  flood,  dis- 
persive in  its  character,  pursues  the  broadest  possible  path  and  presses  along  the 
shores.  *  *  *  The  ebb  is  the  primary  working  agent,  and  the  characteristic  features 
of  all  channels  and  basins,  on  alluvial  tidal  coasts,  must  as  a  rule  reflect  the  efforts  of 
the  ebb  current," 

From  these  extracts  it  will  appear  that  the  plans  proposed  for 
improving  the  channel  on  the  outer  bar,  should  aim  to  conserve 
and  increase  the  scour  produced  by  the  ebb  currents,  and  that 
the  point  where  such  local  treatment  would  be  most  successful, 
is  at  the  head  of  Gedney's  Channel.  The  reports  also  show  at 
what  stage  of  the  tide  and  at  what  depths  the  greatest  scour  is  pro- 
duced, and  thus  enable  us  to  make  the  application  at  the  proper 
time  and  place. 

The  diagrams  showing  Relative  Velocity  of  Currents,  are  not 
given  in  Prof.  Mitchell's  MSS.  report  for  the  outer  stations,  but 
those  from  the  Narrows  up  to  41st,  Hudson  River,  show  some 
characteristic  features  of  tidal  water  worthy  of  more  than  a  pass- 
ing notice. 

Thus  on  Diagram  B  it  will  be  seen  that  the  velocity  of  the 
ebb  is,  as  a  rule,  much  greater  than  that  of  the  flood  at  the  sur- 
face, but  their  ratios  are  far  from  constant,  and  they  are  inde- 
pendent of  the  depths.  At  22  ft.  depth  the  velocities  of  ebb  and 
flood  are  more  nearly  equal,  and  as  we  approach  the  bottom,  the 
ebb  predominates,  in  the  longitudinal  section,  from  Station  18 
until  we  pass  Castle  Garden. 

Diagram  C  gives  the  resultant  or  predominating  current  at 
various  depths  for  the  same  stations,  and  shows  a  profile  of  the 
bottom.  From  this  it  will  be  seen  that  the  transition  plane,  or 
surface  of  no  resultant  scour  lies  between  about  30  and  36  ft., 
and  that  above  this  plane  the  ebb  forces  prevail,  while  below,  the 
flood  are  the  most  active.     Material  deposited  in  this  section  of 
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the  main  channel  would  therefore  be  carried  up  towards  the 
city.  To  produce  a  scour  in  the  opposite  direction,  the  river 
must  literally  be  turned  upside  down,  or  the  ebb  must  be  deflected 
upon  the  bottom. 

The  profile  of  the  bottom  between  Station  18  and  the  Narrows 
shows  a  descending  slope  up  stream  of  about  60  feet  in  3  miles, 
or  20  feet  per  mile,  down  which  the  heavier  sea  water  runs  with 
considerable  velocity.  The  momentum  thus  acquired  carries  it 
up  the  opposing  ramp  of  18  feet  per  mile  to  a  crest  57  feet  under 
water,  from  whence  the  profile  rises  by  a  series  of  undulations  to 
a  point  48  feet  under  water,  and  about  llj  miles  from  its  initial 
point.  Here  the  flood  resultant  vanishes,  in  consequence  of  the 
resistance  of  the  bottom  friction,  and  the  opposition  of  the  ebb, 
by  and  into  which  it  is  reflected,  giving  a  stronger  surface  result- 
ant at  Stati(^n  17  than  at  any  other  point. 

Permanency  of  the  Channels. 

In  describing  the  entrance  to  the  harbor  in  1857,  the  Commis- 
sion, consisting  of  Gen.  J.  G.  Totten,  Chief  of  Engineers,  U.  S.  A., 
and  Prof  A.  D.  Bache,  Supt.  U.  S.  C.  S.,  says: 

"  Across  New  York  entrance,  below  Sandy  Hook  and  Coney  Island,  lies  an  exten- 
sive bank  intersected  by  five  channels.  *  *  The  Main  Ship  Channel  is  next  north  of 
Sandy  Hook,  its  direction  is  due  east,  and  its  width  1050  yards,  the  passages  from  it 
through  the  outer  bar  are  by  Qedney's  Channel  with  23}  feet,  and  by  the  South  Chan- 
nel with  23  feet  at  mean  low  water.  North  of  this  is  Flinn's  Knoll,  covering  an  area 
within  the  18  feet  curve  of  852  acres.  North-east  of  Flinn's  Knoll  lies  tlie  Swash 
Channel,  the  general  direction  of  which  is  south-east  by  south,  gently  curving  from 
its  upper  entrance  so  as  to  pass  more  eastwardly ;  its  average  width  is  900  yards  and 
through  it  21  feet  can  be  carried.  *  *  North-west  of  the  Swash  Channel  is  the  Bomer 
Shoal,  and  north-east  of  this  shoal  is  the  Eastern  Channel,  750  yards  in  width,  running 
south-east  for  half  its  length,  then  east  and  passing  over  the  outer  bar  with  19  feet  of 
'  water,  a  remarkable  slue  running  nearly  due  south,  connecting  this  with  Gedney's 
Channel.  Next  to  the  north-east  is  the  Middle  Ground  Shoal,  covering  1548  acres. 
Next  the  Fourteen  Foot  Channel,  running  to  the  south-east  and  closed  by  a  wide  bar 
with  14}  feet  upon  it.  Then  the  extensive  East  Bank,  covering  3063  acres.  Finally 
the  slue  close  to  Long  Island  Shore.  This  entire  bank,  through  which  the  channels 
are  cut,  is  of  sand  similar  to  that  of  the  beaches  of  New  Jersey  and  Long  Island,  the 
river  deposits  taking  place  higher  up  the  bay.  The  direction  of  these  channels  and 
shoals  show,  in  a  general  way,  the  directions  of  the  forces  of  the  water  acting  at  this 
entrance.  The  tidal  currents  of  the  ebb,  reinforced  by  the  affluents  of  New  York  and 
Baritan  Bays,  displace  the  sand  which  the  flood  deposits,  and  the  channels  thus  meas- 
ure the  forces  of  these  affluents." 
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From  this  description  it  appears  that  since  Gedney's  Channel 
is  the  deepest  and  shortest,  the  forces  acting  there  must  be  the 
greatest.  It  is  also  evident  that  the  scouring  forces  diminish  in 
going  northward,  as  the  successive  channels  are  found  to  decline 
in  depth  and  breadth,  while  the  bar  becomes  more  extensive. 

From  a  survey  made  under  the  direction  of  Col.  G.  L.  Gillespie, 
U.  S.  Engineers,  in  August,  1884,  or  about  30  years  later,  we  find 
that  the  result  "does  not  very  appreciably  vary  from  that  of 

1883,  and  shows  no  decline  in  the  channel."  The  survey  of 
1883  referred  to  was  made  by  the  U.  S.  C.  and  G.  S.,  and  repre- 
sents the  24-foot  curve  north  and  south  of  the  bar  in  Gedney's 
Channel,  as  separated  over  a  distance  of  one-quarter  of  a  mile, 
with  intervening  soundings  of  23  feet  in  small  areas.  The  sail- 
ing directions  call  for  only  23  feet,  mean  low  water. 

It  is  also  noted,  with  reference  to  the  advances^  and  recessions 
of  Sandy  Hook  through  considerable  distances,  that  "the  chan- 
nels were  only  reduced  in  width,"  and  there  was  "produced  no 
appreciable  changes  in  the  depths  of  the  channels  near  the 
Hook."  No  mention  is  made  of  the  "sluice,"  or  basin,  at  the  head 
of  Gedney's  Channel,  though  the  chart  shows  it  with  51.9  feet  of 
water. 

Current  observations  made  at  the  west  end  of  this  channel  gave 
for  the  maximum  velocity  of  the  ebb  IJ,  and  for  the  flood  IJ 
statute  miles. 

"The  set  of  both  maximum  ebb  and  flood  is  almost  directly  along  the  axis  of  the 
channel.  *  *  The  float  was  a  cylinder  of  wood,  three  inches  in  diameter,  weighted  so 
as  to  maintain  its  lower  end  near  the  bed.'' 

A  Board  of  Engineers,  in  forwarding  Col.  Gillespie's  report  and 
survey,  in  a  report  made  to  the  Chief  of  Engineers,  December, 

1884,  says  with  reference  to  these  channels: 

**  Immediately  north  and  east  of  Sandy  Hook  is  an  area  of  about  2  square  miles, 
having  a  depth  of  30  feet  or  more.  Two  channels,  Gedney's  and  South  Channels, 
each  having  24  feet  or  more,  enter  this  deeper  area  from  the  sea.  One  channel,  the 
Main  Ship  Channel,  leads  from  it  first  westerly  and  then  northerly  to  the  upper  bay, 
and  another,  the  Swash  Channel,  cuts  off  an  angle  in  the  Main  Ship  Channel,  and  thus 
gives  a  shorter  route  to  the  upper  bay. 

"  North  of  the  Swash  Channel,  in  order,  are  the  East  Channel  and  the  Fourteen- 
foot  Channel,  both  closed  at  their  eea  ends  by  bars  of  20  and  17  feet,  and  lastly,  a 
channel  close  under  Coney  Island,  closed  by  a  bar  having  16  feet  at  its  harbor  end." 
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From  this  statement  it  will  be  seen  that  the  channels  near  the 
Hook  have  slightly  improved,  while  those  above  Gedney's  Channel 
have  shoaled,  the  first  or  East  Channel  one  foot,  the  next,  or  Four- 
teen-foot Channel,  by  two  feet.  The  Coney  Island  Channel  is 
one  made  and  maintained  by  the  flood,  as  is  shown  by  the  bar  at 
its  "harbor  end."  The  natural  forces  to  be  assisted,  therefore, 
are  those  of  the  ebb  currents,  opercUing  on  the  Main  Ship  Channel 
and  its  ovilets. 

The  results  of  the  movements  of  the  Hook  show  that  even  jet- 
ties of  considerable  magnitude  would  produce  but  little  scour  at 
depths  exceeding  24  feet,  near  which,  as  Prof.  Mitchell's  report 
shows,  the  plane  of  reversion  of  tidal  forces  is  located.  To  utilize 
the  ebb,  therefore,  it  must  be  deflected  downwards  upon  the  bot- 
tom, and  be  trailed  in  the  channel. 

That  the  scouring  forces  are  generally  limited  to  the  surface 
planes,  is  also  shown  by  the  depths  of  water  on  the  crests  of  the 
various  bars  along  the  southern  coast.  The  position  of  the  crest- 
line  or  divide,  with  reference  to  the  straight  line  joining  the 
nearest  points  of  shore  across  the  inlet,  will  also  furnish  a  good 
idea  of  the  relation  of  the  flood  to  the  ebb  scour. 

If  the  crest  is  outside  of  this  section,  it  may  be  attributed 
to  ebb  action,  and  if  inside,  to  flood.  At  some  entrances  it 
will  be  found  partly  on  one  side,  partly  on  the  other.  At  New 
York,  Delaware  and  Chesapeake  Bays,  the  ebb  crest  is  on  the 
sea  side  along  the  southern  part  of  the  section,  and  the  Jand  side 
on  the  northern.  The  deepest  water  is  also  near  the  southern 
cape  or  hook,  outside  of  which  there  is  a  characteristic  bar. 
Where  the  crest  line  crosses  the  section,  the  forces  are  about 
equal  and  contrary,  giving  a  resultant  equal  to  zero.  Hence  they 
cannot  be  used  to  advantage  in  opening  a  channel.  Above  this 
point,  efforts  should  be  made  to  utilize  the  flood,  and  below  the 
ebb  tides. 

The  Proposed  Dike. 

A  dike  rising  to  half  tide,  as  recommended,  would,  we  believe, 
merely  result  in  a  removal  of  the  crest  of  the  bar  to  seaward  with- 
out necessarily  producing  a  better  channel,  and  if,  as  is  further 
suggested,  it  be  built  "at  first  certainly  not  above  low  water,  and. 
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perhaps,  not  so  high/'  making  it  practically  a  submerged  jetty, 
the  result  would  be  disastrous  to  the  dike,  as  well  as  to  the  harbor, 
from  the  dangerous  obstructions  it  would  produce. 

The  time  required  to  complete  such  a  dike,  with  its  accessory 
works,  would  be  very  great,  as  compared  with  that  necessary  to 
erect  floating  deflectors,  such  as  is  proposed,  and  in  positions 
where  all  the  physical  conditions  give  assurance  of  success. 

The  Remedy. 

In  applying  the  remedy  therefore  in  accordance  with  the  prin- 
ciples previously  stated,  that  it  is  easier  to  deflect  than  to  oppose 
a  force,  and  that  submerged  jetties  contain  the  elements  of  their 
own  destruction,  we  must  conclude  that  the  proper  construction 
would  be  one  the  specific  gravity  of  which  is  Um  than  that  of 
water,  that  is  one  which  does  not  rest  upon  the  bottom,  thereby 
producing  a  scour  by  its  weight,  and  by  transmitting  the  force 
of  the  waves  to  the  bottom,  and  which  does  not  extend  above  the 
surface,  where  it  would  be  subjected  to  the  shock  from  the  waves, 
and  from  ice.  It  should  therefore  be  a  floating  system,  which 
may  be  adjusted  to  any  depth,  so  as  to  conserve  and  deflect  the 
maximum  force  of  the  currents  in  the  proper  direction.  This 
can  readily  be  done  by  anchoring  vertical,  flexible  deflectors 
obliquely  across  the  paths  of  the  currents,  but  entirely  out  of 
reach  of  navigation,  and  adjusting  them  at  such  angles  as  to 
give  the  required  direction  to  the  forces  there  existing.  The  ma- 
terial must  be  such  as  will  not  be  destroyed  by  the  teredo,  and  it 
should  be  so  arranged  that  the  panels  may  be  readily  extended, 
removed,  or  replaced.  Durability  and  economy  are  also  require- 
ments, but  they  are  subordinate  to  those  already  mentioned,  as 
the  expense  of  maintenance  would  be  very  slight.  All  of  these 
are  within  the  limits  of  mechanical  and  physical  possibilities, 
and  at  a  cost  which  is  insignificant  as  compared  with  that  of  the 
project  recently  submitted  to  the  Forty-eighth  Congress,  Second 
Session,  in  Ex.  Doc.  No.  78,  to  which  allusion  has  already  been 
made. 

Such  deflectors  would  occupy  but  little  space,  and  hence  produce 
the  least  possible  disturbance  to  the  general  regimen  of  the  harbor. 
Their  only  effect  would  be  to  reduce  the  velocity  of  the  current 
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across  a  portion  of  the  bar,  where  great  depth  is  not  required,  and 

to  inc^l  it  in  a  cham.el  where  fi.  n  Jed,  „d  by  *e«  me«« 

cause  the  hole  or  basin  to  fill  up  in  part,  and  the  channel  to  scour 

or  deepen. 

Current  Dbplbctors. 

The  scouring  action  can  also  be  greatly  augmented  by  a  device 
for  utilizing  the  maaimum  velocity  of  the  current  and  projecting 
it  upon  the  obstruction  to  be  removed.  Heretofore  an  increased 
scour  has,  in  general,  been  given  to  currents  by  contracting  the 
area  of  the  water-way  by  dams  or  jetties  attached  to,  or  resting 
upon,  the  shores  or  beds  of  the  streams,  and  thus  the  "  head  "  and 
consequent  velocity  have  been  augmented  slightly;  but  the  effect 
on  the  bottom  velocities,  where  the  work  is  to  be  done,  has  not 
been  great.  As  the  greatest  velocity  of  a  current  is  near  its  axis, 
and  at  or  just  below  the  surface,  we  have  designed  a,  floating  dam, 
tuith  an  a^  of  rotaiion  at  the  surface,  and  so  suspended  to  floats, 
buoys,  or  bateaux,  that  by  depressing  the  down  stream  edge  of 
the  shields  the  greatest  force  of  the  current  is  made  to  impinge 
directly  upon  the  bed,  and  thus  produce  a  powerful  scour.  The 
material  thus  loosened  up  is  directed  by  "trailing  pieces"  to  suit- 
able "  dumping  grounds,"  and  the  channel  thus  formed  is  main- 
tained by  other  vertical  or  inclined  deflectors  anchored  to  the 
bottom. 

By  this  arrangement  we  not  only  have  the  increased  velocity 
due  to  the  contraction  caused  by  the  floating  dams,  but  that  due 
to  the  deflection  of  the  maximum  velocity  of  the  stream  through 
a  head,  equal  to  the  difference  of  level  between  the  upper  and 
lower  edges  of  the  shields. 

We  therefore  utilize  an  additional  and  very  potent  factor  in  the 
working  capacity  of  the  current,  which  is  believed  never  before 
to  have  been  successfully  applied. 

The  annexed  sketch  will  show  one  of  the  forms  proposed  for 
the  deflecting  shield  when  supported  by  barges  or  pontons,  in 
combination  with  an  adjustable  floating  curtain  for  concentrating 
the  currents  upon  the  deflector. 

These  may  be  arranged  in  continuous  or  broken  ranks  of  any 
desired  length  of  front,  or  in  echelon,  as  may  be  found  most  ad- 
vantageous in  the  attack  upon  the  bar. 


W%". 
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By  such  ek  combination  of  simple  and  automatic  devices  we  be- 
lieve a  very  eflfective  local  application  may  be  made,  which  will 
be  free  from  the  serious  objection  to  the  ordinary  methods  of 
treating  such  cases.  It  will  be  seen  that  it  is  designed  to  conserve 
and  control  the  forces  of  those  currents  which  are  the  most  potent 
factors  in  producing  changes  in  alluvial  bottoms,  and  that  it  is 
protected,  so  far  as  is  possible,  from  the  action  of  winds,  waves,  ice, 
teredo,  and  other  destructive  agents.  It  is '  very  economical  to 
construct  and  maintain,  and,  moreover,  should  it  be  found  that, 
as  at  first  placed,  it  did  not  sufficiently  concentrate  the  scouring 
forces,  it  can  be  readily  shifted  into  a  new  position  without  in- 
jury to  the  deflectors  or  to  the  harbor. 

It  has  the  further  advantage  of  being  able  to  be  made  rigid  in 
one  direction,  and  flexible  in  the  opposite  one,  so  that  the  flood 
tide  may  readily  pass  over  it  without  opposition,  while  the  ebb 
will  be  partially  resisted  and  turned  aside  into  the  desired 
channel. 

Having  placed  such  a  series  of  deflecting  curtains  in  position, 
a  few  days'  observations,  with  current  meters,  will  indicate  the 
relative  changes  effected  in  the  directions  and  velocities  of  the 
resulting  forces,  and  enable  the  engineer  to  determine  what 
further  adjustments,  if  any,  mey  be  required. 

It  may  be  suggested  that  such  a  structure  appears  too  frail  to 
resist  successfully  the  forces  to  which  it  must  be  subjected.  To 
this  it  may  be  answered  that  ice  buoys  have  been  moored  in  ex- 
posed positions  in  the  open  sea  and  in  roadsteads  for  years,  with- 
out being  at  all  injured  or  moved  by  any  or  all  of  these  forces, 
and  for  the  reason,  which  is  so  well  illustrated  in  the  fable  of 

Thk  Oak  and  the  Reed, 

that  we  take  the  liberty  of  quoting  it  for  the  sake  of  its  applica- 
tion to  this  case. 

An  oak,  which  hung  over  the  bank  of  a  river,  was  blown  down  hj  a  violent  storm 
of  wind ;  and  as  it  was  carried  along  by  the  stream,  some  of  its  boughs  brushed  against 
a  reed  which  grew  near  the  shore.  This  struck  the  oak  with  a  thought  of  admira-- 
tion,  and  he  could  not  forbear  asking  the  reed  how  he  came  to  stand  so  secure  and 
unhurt  in  a  tempest,  which  had  been  furious  enough  to  tear  an  oak  up  hy  the  roots? 
"  Why,"  says  the  reed,  "  I  secure  myself  by  putting  on  a  demeanor  quite  contrary  to 
what  you  do ;  instead  of  being  stubborn  and  stifi,  and  confiding  in  my  strength,  I 
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YIELD   AMD  BEND  TO  THE  BLAJBT  AND  LET  IT  GO  OVER  ME,  knowiog  hoW  Y9UX  and  I 

fruitlesB  it  would  be  to  resist/' 

Large  vessels  have  frequently  been  held  by  a  single  anchor  in 
the  teeth  of  a  gale. 

Obsbbved  Scour  dub  to  Contractions. 

With  reference  to  the  amount  of  scour  produced  by  contrac- 
tions, caused  by  piers,  Trau twine  says : 

"  It  is  important  to  bear  in  mind,  that  before  the  erection  of 
an  obstruction  the  velocity  of  the  original  stream  is  greatest  at 
the  surface,  and  diminishes  gradually  towards  the  bottom;  but 
when  a  pier,  etc.,  is  built,  the  increased  velocity  produced  by 
the'  head  thereby  created,  is  actually  least  at  the  surface,  but  is 
nearly  uniform  throughout  the  entire  depth,  thus  causing  a  much 
greater  wearing  action  upon  the  bottom  than  before  existed,  or 
than  is  generally  supposed.  This  fact  is  rarely  adverted  to  by 
authors.  The  erection  of  one  or  two  piers  in  quite  a  large  stream 
will' frequently  produce  an  almost  incredible  amount  of  scour,  if 
the  bottom  is  at  all  of  a  yielding  nature.  The  greatest  scour,  of 
course,  takes  place  during  freshets,  and  near  the  obstruction." 
(P.  570.) 

It  has  also  been  observed  that  the  position  of  the  thread  of 
maximum  velocity  in  a  river  is  lower  when  the  surface  is  covered 
by  ice,  thus  forming  a  tube,  and  during  the  (construction  of  the 
St.  Louis  Bridge  piers  it  was  observed  by  the  divers  that  the  river 
bottom  "was  scooped  out  under  the  large  scows  moored  along- 
side" by  just  about  the  amount  the  scours  extended  beneath  the 
surface. 

Therefore, "  If  an  obstruction  be  placed  in  the  bottom  of  a  river, 
thus  lessening  the  cross-section,  the  surface  level  will  be  raised; 
and  if  an  obstruction  be  placed  near  the  surface,  it  would  seem 
as  if  the  bottom  or  sides  must  yield." 

The  annexed  table  will  give  the  bottom  velocities  necessary  to 
produce  a  removal  of  various  grades  of  material : 
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Approximate  Bottom  Velocities  op  Flow  in  Channels,  at 

WHICH  THE  following  MATERIALS  BEGIN  TO  MoVE. 


Feet  per  sec. 

Milee  per  honr. 

• 

.25 

.17 

Microscopic  sand  and  clay. 

.50 

.34 

Fine  sand. 

1.00 

.68 

Coarse  sand,  and  fine  gravel. 

1.75 

1.19 

Pea  gravel. 

2.00 

1.39 

Rounded  pebbles,  1  inch  in  diam. 

3.00 

2.04 

Small  stones  If  in.  diam. 

3.33 

2.30 

Flint  stones,  size  of  hen's  eggs. 

5.00 

3.41 

2  inch-square  brickbats. 

Conclusion. 

We  conclude,  therefore,  that  to  remove  the  shingle  and  sand 
from  the  bar,  it  will  be  necessary  to  develop  a  bottom  velocity  of 
about  three  miles  per  hour,  and  for  this  purpose  there  exists  at 
this  locality,  independently  of  the  forces  which  have  made  and 
maintained  the  deep  basin  at  the  head  of  Gredney's  Channel,  a 
powerful  ebb  stream,  which  it  is  necessary  to  concentrate  and 
direct.  That  this  can  be  done,  to  any  desired  extent,  by  the  de- 
flectors for  surface  and  lateral  contractions,  in  an  efficient  and 
comparatively  inexpensive  manner,  is  believed  to  be  established 
by  the  accidental  experiences  already  cited.  They  reveal  the  ex- 
istence of  powerful  scouring  forces,  located  near  the  surface  of  the 
currents,  which  have  not  heretofore  been  attempted  to  be  used  in 
the  manner  suggested  for  the  solution  of  such  engineering  prob- 
lems. 

The  Floating  Deflector  as  Applied  to  the  Solution  op  the 

Mississippi  River  Problem. 

The  Missippi  presents  one  of  the  most  difficult  hydraulic  prob- 
lems in  the  world,  and  its  solution  engages  the  attention  of  some 
of  our  most  eminent  physicists  and  engineers.  In  many  places 
the  jetties,  wing-dams,  dikes,  revetments,  etc.,  have  worked  very 
satisfactorily,  and  in  others  they  have  been  of  no  avail.  We  can- 
not now  consider  the  relative  merits  of  the  various  general  plans 
for  the  regulation  of  the  flow,  but  may  merely  state  that  the 
changes  in  the  bed  of  the  stream,  from  scour  and  deposits,  are 
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produced  by  differences  of  velocity.  Where  the  current  is  quick- 
ened, either  by  an  increase  of  surface  slope,  or  by  contraction  of 
sectional  area,  the  bed  will  be  scoured,  and  where  it  is  retarded 
there  will  be  a  bar.  In  high  stages  the  scour  is  found  to  be  in 
the  "pools,"  where  the  bed  is  narrow,  and  the  precipitation  occurs 
on  the  "  cross-over-bars,"  where  it  is  wide.  In  low  stages  the  re- 
verse action  takes  place  from  the  differences  in  surface  slope.  It 
follows,  therefore,  that  whatever  tends  to  reduce  or  prevent  the 
deposit  on  the  bars  in  high  stages,  will  also  prevent  the  scour 
from  the  pool  below,  and  to  that  extent  establish  a  relatively 
permanent  condition,  and  reduce  the  bed  to  a  more  uniform  slope. 
The  proposed  deflectors,  it  is  believed,  will  accomplish  this  result 
more  effectively  and  cheaply  than  any  other  known  device,  thus 
converting  what  may  be  styled  a  horizontal  or  lateral  treatment 
into  a  vertical  one,  and  thereby  securing  the  full  effect  of  gravity 
and  momentum  in  regulating  the  discharge,  by  creating  and 
maintaining  a  more  nearly  uniform  velocity. 


Part  III. 

HARBOR  STUDIES. 

Delaware  Breakwater  Harbor. 

By  Prof.  L.  M.  Haupt,  G.E.,  Active  Member  of  the  Club. 

Bead  Fibruary  20th,  1886. 

The  recent  severe  storms  along  the  New  Jersey  shore,  accom- 
panied by  serious  losses  of  life  and  property,  call  attention  to  the 
necessity  for  providing  some  immediate  relief  and  shelter  for  navi- 
gators along  this  300-mile  stretch  of  dangerous  coast.  For  hu- 
manitarian, as  well  as  commercial  and  financial  reasons,  there- 
for, it  becomes  an  imperative  duty  on  the  part  of  those  entrusted 
with  the  execution  of  such  works,  to  inaugurate  or  complete  such 
measures  of  relief  as  may  be  found  to  be  both  expedient  and 
practicable.  The  only  harbor  now  available  in  this  entire  dis- 
tance, is  that  at  the  mouth  of  the  Delaware  River.  It  was  pro- 
jected prior  to  1828,  and  its  construction  was  authorized  by  an 
Act  of  Congress  passed  May  24th  of  that  year,  when  the  needs  of 
a  harbor  were  insignificant  as  compared  with  the  present  de- 
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mands;  yet  its  capacity  in  those  ante-railroad  days  was  jnnch 
greater  than  at  present,  in  consequence  of  its  subsequent  shoaling. 

A  Commission,  consisting  of  Com.  John  Rodgers,  Brig.-General 
S.  Bernard,  and  Wm.  Strickland,  C.E.,  was  appointed  by  the 
President  of  the  United  States,  under  authority  of  the  above- 
named  Act  of  Congress,  to  prepare  plans  for  an  artificial  harbor. 

The  result  was  a  project  based  upon  the  experience  at  Cher- 
bourg, Prance,  and  Plymouth,  England,  embodying  all  the  fea- 
tures of  the  present  structure.  The  plan  was  approved  by  John 
Quincy  Adams,  President,  on  the  27th  day  of  February,  1829. 
A  contract  was  made  soon  after  with  Halsey,  Rodgers  &  Co.,  and 
the  first  load  of  stone  was  delivered  at  4.15  p.m.,  Saturday,  April 
18th,  1829. 

The  preliminary  surveys  were  made  by  and  the  contracts  let 
under  the  auspices  of  the  Navy  Department,  but  prior  to  the  be- 
ginning of  construction  it  was  transferred  to  the  War  Depart- 
ment. The  disbursements  were  made  by  the  Quartermaster- 
General.  It  is  now  under  supervision  of  the  Chief  of  Engineers, 
in  immediate  charge  of  the  officer  on  duty  in  this  district.  Such 
was  briefly  the  inception  of  the  work. 

Location  and  Description. 

This  great  harbor  of  refuge  is  located  on  the  west  bank  of 
Delaware  Bay,  and  in  the  lee  of  Cape  Henlopen,  in  latitude  38° 
47'  N.,  longitude  75°  06'  W. 

It  is  an  artificial  harbor,  formed  by  a  breakwater  of  pierre  per- 
due,  2558  ft.  long  on  top,  and  extending  in  ^  straight  line,  which, 
if  produced,  would  have  been  tangent  to  the  shore  of  the  cape  at 
the  time  the  work  was  projected.  The  distance  therefrom  was 
about  4200  ft.  There  is  also  an  ice  breaker  1359  ft.  long,  making 
an  angle  of  146°  15'  with  the  line  of  the  breakwater,  which  would 
intersect  it  near  the  middle,  if  prolonged.  Between  the  eastern 
end  of  ice  breaker  and  western  end  of  breakwater  there  was  left 
a  gap  of  nearly  a  quarter  of  a  mile.  The  cross-sections  of  both 
are  the  same,  being  about  22  ft.  on  top,  160  ft.  at  base,  and  ex- 
tending to  about  14  ft.  above  mean  low  water. 

The  stones  vary  in  weight  from  a  quarter  to  seven  tons.  Work 
TV'as  begun  in  1829,  and  by  1839  there  were  835,000  tons  (about 
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400,000  cubic  yds.)  in  place,  at  a  cost  of  $1,880,000;  but  the  struc- 
ture was  not  said  to  have  been  completed  until  forty  years  later, 
or  in  1869,  when  the  total  expenditure  amounted  to  $2,123,000. 

Effect  on  Harbor. 

The  survey  of  1828,  made  by  Lieut.  Sherburne,  U.  S.  N.,  before 
work  was  begun,  shows  the  24-foot  curve  to  have  been  about  a 
quarter  of  a  mile  southwest  of  and  nearly  parallel  to  the  break- 
water, giving  ample  and  good  anchorage;  whereas  the  recent  sur- 
veys of  1879  and  1881  show  the  same  curve  winding  from  the 
eastern  end  of  the  breakwater  towards  the  cape,  and  near  the 
middle  of  the  harbor  there  are  now  but  about  sixteen  feet  of  water 
where  there  were  formerly  twenty-seven  or  eight.* 

To  more  clearly  illustrate  the  work  done  by  the  forces  between 
the  surveys  made  in  1828  and  1877  and  1881, 1  have  had  madef 
a  dissected  model  (scale  ^^Vo")*  showing  the  condition  of  the  bot- 
tom at  these  dates,  and  have  determined  by  weight  the  amounts 
of  material  removed  within  the  zones  lying  between  the  fathom 
planes  during  these  forty-nine  to  fifty-three  years.  The  results 
are  as  follows: 

Exhibit  of  Material  Moved  in  Vicinity  of  Delaware 

Breakwater  Harbor. 

Deposited. 


Shor«  Line  to  the 

6-ft.  contour 
6  to  12ft." 
12  "  18  "  " 
18  "  24  "  " 
24  "  30  "  " 
80  "  36  "  " 


Inside 
Harbor. 


Onuide 
Harbor. 


Cnbio  jardi.      Cnbic   yardt 


2,000,000* 
3,407,500 
2,606,750 
182,500 


8,196,750 


357,000 
890,250 
1,025,250 
912,000 
606,750 
365,000  J 


Along  shore 
"  inside  of  the  Cape. 


Below  36 
Above  36 


it 


U 


4^.56,250 

"2,35i,l6d 
621,750 


2,972,850 
7,129,100 


1  Part  of  Breakwater  shoal 
i    within  limits  of  model. 


*  Report  of  Chief  of  Engineen,  1882,  p.  791. 

t  By  Mr.  Samuel  S.  Evane,  C.E.,  Instructor  in  Civil  Engineering  at  the  UniTeisitj 
of  PennsylTania. 
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Scoured. 


Between 

24-30  ft. 
30-36  " 
36-42  " 
42-48  " 
48^4  " 


Southeast 

end  of 
Breakwater. 


Northwett   i 

end  of 
Breakwater 


103,500  75,000 

130,500,  30,750 

51,000  10,000* 
1,250 


964,500  North  of  Breakwater. 


19*500  I  ^^^®  ^^  ®^*  ^^^  ^^ 
6,000  j        ^"^  breaker. 


286,250115,750  [     96,750, 


From  this  exhibit  it  appears  that  the  total  deposit  inside  the 
harbor  has  been  about  8,200,000  cubic  yds.  in  say  the  past  forty 
years,  since  the  harbor  was  not  completed  rapidly.  This  gives 
an  average  of  205,000  cubic  yds.  per  annum.  If  the  area  be  taken 
at  three  and  a  half  million  sq.  yds.,  and  the  average  depth  at 
18  ft.  or  6  yds.,  it  will  give  a  total  volume  for  the  original  harbor 
of  21,000,000  cubic  yds.  Hence  the  shoaling  which  has  taken 
place  represents  about  38  per  cent,  of  the  original  volume,  and 
the  yearly  rate  over  the  entire  area  has  been  about  2.16  inches  in 
depth.  The  average  depth  of  shoaling  during  the  forty  years  will 
be  7.2  ft.  It  is  not  correct  to  assume  that  the  deposits  occurred  at 
this  average  rate,  however,  since  the  shoaling  was  very  rapid 
during  the  construction  of  the  works,  and  has  been  more  gradual 
since. 

The  scour  from  the  southeast  end  of  the  breakwater  of  nearly 
300,000  cubic  yds.  represents  a  portion  of  the  work  done  by  the 
ebb  below  the  30-foot  curve.  It  is  the  result  of  the  "  head  "  due 
to  the  contraction  at  this  section. 

Plans  for  Improvement. 

The  necessity  for  remedial  measures  became  apparent  even  be- 
fore the  completion  of  the  work,  and  numerous  reports  and  plans 
have  been  submitted  by  individual  officers  and  Boards  of  the 
Corps  of  Engineers,  and  by  pilots  and  others  using  the  harbor, 
all  tending  to  alleviate  the  danger  of  its  ultimate  and  total  de- 
struction. 

One  of  these  Boards  recommended,  Feb.  8th,  1878 : 


*  Eslimated. 

VOL.  v. — 21. 
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''The  closure  of  the  gap  exiBtiog  between  the  breakwater  proper,  and  its  a4ioining 
ice-breaker,  which,  it  is  believed,  will,  to  a  greater  or  less  extent,  check  further  de- 
posits within  the  harbor,  and  remove  those  existing  on  the  shoals  in  its  vidnitj,  and 
will  increase  the  protected  area  of  anchorage  nearly  fourfold." 

The  cost  was  estimated  at  $600,000. 

All  the  reports  since  1836  recommended  either  the  closure  of 
the  gap,  or  its  protection  by  an  external  apron. 

"The  arguments  for  its  construction  are  mainly  two,  viz. : — 1.  The  necessity  for  in- 
creasing the  area  protected  against  N.  E.  gales,  which  now  enter  freely  through  the 
gap.  2.  The  prospect  of  checking  the  shoaling  behind  the  breakwater  by  compelling 
the  large  portion  of  the  ebb,  which  now  escapes  through  the  gap  to  traverse  the 
harbor  and  pass  out  by  its  eastern  entrance.'' 

The  report  states  further  that  "  The  effect  of  the  former  provision  is  positive  in  at 
once  doubling  the  useful  frontage  of  the  work.  The  results,  to  be  anticipated  in  re- 
tarding shoaling  between  the  breakwater  and  the  shore,  are  less  clear." 

Among  the  plans  recently  proposed  was  one  to  prevent  the 
river  and  beach  sediment  from  being  carried  in  by  the  ebb  from 
the  N.  W.,  by  constructing  a  jetty  extending  from  a  point  west  of 
the  ice-breaker  to  the  shore,  and  connecting  it  also  with  the  ice- 
breaker by  extending  the  latter  a  distance  equal  to  its  own  length. 

Analysis  as  to  Causes  op  Shoaling. 

Such  are  the  projects.  Let  us  now  examine  into  the  causes 
producing  the  present  evils,  and  ascertain  which  of  the  remedies 
proposed  will  be  most  efficient.  Possibly  we  may  be  able  to  add 
to  their  efficiency  by  suggesting  some  further  modification. 

It  is  a  maxim  in  harbor  engineering  "  that  no  encroachments 
on  tidal  waters  should  ever  be  permitted,  or  in  other  words,  that 
nothing  should  ever  be  done  to  diminish  the  amount  of  tidal 
water  flowing  up  and  down  a  channel.  This  principle  has 
eminent  supporters,  but  it  will  be  seen  that  a  strict  adherence  to 
it  would  debar  us  from  erecting  any  such  structures  as  dikes  or 
moles,  which  displace  a  considerable  volume. 

Probably  a  more  nearly  correct  statement  of  the  requirement 
would  be  that  no  structure  should  be  permitted,  which  creates  injurir 
ous  modifications  of  the  currents.  For  instance,  where  a  current  is 
sufficient  to  maintain  a  channel,  no  obstruction  should  be  placed 
across  its  path,  as  otherwise  the  velocity  will  be  reduced,  and  a 
bar  or  shoal  will  inevitably  be  formed.    The  problem  before  the 
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commission  for  the  building  of  this  harbor,  was  then,  hov)  to  protect 
vessels  from  the  winds ,  waves  and  ice,  without  irUerferiyvg  vnth  the  cur- 
rents. As  the  winds  and  waves  generally  came  from  one  quarter, 
and  the  ice  and  currents  from  another,  it  was  apparently  sepa- 
rated into  these  two  factors,  and  the  result  was  the  two  isolated 
barriers. 

Unfortunately  the  ice  and  the  currents  follow  nearly  the  same 
path,  and  it  does  not  appear  to  have  occured  to  the  projectors  of 
the  harbor  that,  in  opposing  the  first  by  the  means  proposed,  they 
w^ere  also  seriously  modifying  the  second,  or,  if  it  did,  they  cer- 
tainly did  not  provide  a  separate  treatment,  or  one  which  should 
check  and  break  up  the  ice  floes,  while  it  permitted  the  currents 
to  pass  with  but  little  restraint. 

As  floating  ice  is  restricted  to  the  surface,  it  should  be  resisted 
at  or  near  that  plane  by  floating,  metallic  caissons,  moored  to  the 
bottom,  so  as  to  furnish  ample  water-way  beneath,  and  so  avoid 
the  formation  of  the  otherwise  inevitable  bars  in  the  harbor,  due 
to  a  reduction  of  velocity. 

Recognizing  these  requirements.  Col.  Henry  M.  Robert,  U.  S.  E., 
now  in  charge  of  this  district,  has  recently  proposed  such  caissons 
for  the  ice  harbors  on  the  Delaware,  near  Reedy  Island. 

The  principal  defect  then  in  the  plan  of  the  Breakwater  Harbor 
consisted  in  placing  the  ice-breaker  athwart  the  currents,  and  so  in- 
ducing an  extensive  and  protracted  shoaling  of  the  harbor.  The 
manifest  remedy  for  this  defect  is  to  take  it  away,  and  to  sub- 
stitute for  it  floating  ice-breakers. 

The  breakwater,  having  been  placed  more  nearly  in  the  direc- 
tion of  the  ebb  and  flood,  has  not  so  seriously  modified  the  cur- 
rents, but  we  think  it  would  have  been  an  improvement,  had  its 
axis  been  thrown  around  nearer  to  the  N.  and  S.  line,  and  the 
whole  structure  been  then  moved  to  eastward,  still  keeping  the 
axis  inside  the  cape,  and  parallel  to  the  existing  currents. 

The  Gap. 

From  the  careful  surveys  made  in  1879,  under  the  direction  of 
Col.  Wm.  Ludlow,  U.  S.  E.,  it  appears  that  at  the  gap  there  are 
strong  currents  both  at  flood  and  ebb,  and  an  examination  of  the 
velocity  curves  shows  the  flood  currents  throughout  this  section 
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to  preponderate  over  the  ebb.  The  greatest  scour  in  the  entire 
harbor  is  found  to  be  during  the  last  two  quarters  of  the  flood 
tide,  as  it  runs  into  the  gap  past  the  N.  W.  end  of  the  breakwater. 
The  result  is  a  hole  on  the  outside,  just  under  the  end  of  the 
breakwater,  reaching  at  one  time  to  50  ft.  in  depth,  and  a  bar  on 
the  inside,  with  only  11  ft.  of  water. 

(The  plane,  upon  which  the  breakwater  rested,  extended  origi- 
nally from  31  ft.  at  the  S.  E.  to  about  27  ft.  at  the  N.  W.  end.) 

If  there  were  an  ebb  scour  at  the  gap,  then  the  material  carried 
through  it  would  be  precipitated  just  outside,  in  consequence  of 
the  retardation  produced  by  expansion  of  currents  and  dissipa- 
tion of  energy;  but  no  such  crest  can  be  found.  On  the  contrary, 
the  ground  appears  to  fall  away  from  a  point  inside,  uniformly 
to  the  main  channel.  A.t  the  east  end  of  the  ice-breaker  is  found 
another  50  ft.  hole,  most  of  the  material  from  which  has  gone  to 
the  bar,  extending  from  the  middle  of  this  barrier  to  the  11-ft.  spot 
near  the  N.  W.  corner  of  the  breakwater.  We  see,  therefore,  with- 
out further  elaboration,  that  this  gap  is  an  injury  to  the  harbor 
from  the  fact  that  it  enables  the  flood  tide  to  carry  sediment  in, 
and  that  the  resultant  of  these  forces  is  opposed  to  that  of  the 
ebb  entering  below  the  west  flank  of  the  ice-breaker,  and  forming 
the  neutral  ground  along  which  occurs  the  crest  of  this  inner 
bar. 

The  gap  should,  by  all  means,  be  closed  therefore,  not  simply 
"  to  prevent  the  ebb  from  escaping,"  but  for  the  more  important 
reason  of  preventing  the  flood  from  entering,  and  thus  to  cut  off 
this  source  of  opposition  and  sediment.  This  excess  of  flood  over 
ebb  is  caused  chiefly  by  the  projection  of  the  eastern  end  of  the 
ice-breaker  beyond  the  line  of  the  breakwater,  thus  catching  the 
flood  and  turning  it  into  the  gap. 

But  to  close  the  gap  and  leave  the  ice-breaker,  would  merely 
create  a  slackwater  pool  in  the  angle,  which  would  soon  silt  up, 
creating  a  bar  extending  from  the  west  end  of  the  ice-breaker  to 
below  the  middle  point  of  the  breakwater.  This  would  ulti- 
mately become  an  island — and  the  waterway  to  the  westward 
would  gradually  be  deepened  by  the  prevailing  ebb  scour,  as 
shown  by  the  velocity  curves  from  stations  (8)  to  (12),  as  well  as 
by  those  inside  the  harbor  at  stations  (13),  (14)  and  (15). 
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Since,  however,  the  gap  should  be  closed  and  the  ice-breaker 
razed,  the  proper  move  would  be  to  turn  the  ice-breaker  into  the 
gap,  by  taking  the  material  already  at  hand  and  dumping  it  into 
the  opening.  This  would  cost  less  and  be  more  effective  than  any 
other  plan,  by  letting  in  more  of  the  ebb  and  keeping  out  part  of 
the  flood.  In  fact  the  breakwater  and  the  shore  would  then  form 
converging  jetties,  and  thus  produce  a  scour  which  would  go  far 
towards  deepening  the  harbor. 

That  there  can  be  no  doubt  of  this  result  will  be  shown  by  a 
critical  study  of  the  eastern  outlet,  which  we  will  designate  as 

The  Gorge. 

It  is  the  section  lying  between  the  eastern  end  of  the  breakwater 
and  the  shore.  The  distance  is  half  a  mile  and  the  area  57,868 
sq.  ft.  The  hydraulic  mean  radius  is  20.96  ft.  The  shore  and 
breakwater  make  with  each  other  an  angle  of  45°,  forming,  with 
the  gap  closed,  a  funnel  of  about  6,000  ft.  in  depth  to  the  base,  or 
rear  section,  where  the  distance  across  is  about  7,200  ft.,  mean 
depth,  15.08— and  area  108,900  sq.  ft. 

The  ratio  of  the  area  of  the  Base  to  that  of  the  Gorge,  is  there- 
fore as  1.88  to  1,  and  if  the  same  volumes  were  to  pass  through 
these  sections  in  the  same  times,  their  velocities  must  vary  in- 
versely as  the  area,  and  hence  the  greater  scour  at  the  Grorge. 

These  quantities  as  well  as  those  for  the  Gap  are  better  ex- 
pressed in  the  following  form : 

Relation  of  Quantities  at  the  Gap,  the  Gorge  and  the  Base. 


Location. 

Area. 

Hyd.  Moan  Depth. 

The  Gap, 
The  Gorge. 
The  Base. 

40,040  sq.  ft. 
57,868     " 
108,900     " 

28.57  ft. 
20.96  " 
15.08  " 

Assuming  the  gap  to  be  closed,  the  surface  area  of  this  part  of 
the  harbor  will  be  about  32,000,000  sq.  ft.,  or  1.15  sq.  miles. 

Taking  the  mean  rise  and  fall  of  tide  at  4.3  ft.,  the  volume  of 
water  passing  out  at  the  ebb  tide,  of  5h.  59m.  duration,  say  6h., 
would  be  382,222  cub.  ft.  per  minute.     This  is  independent  of  the 
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volume  entering  the  basin  at  the  base  and  going  out  through  the 
gorge  during  this  same  interval. 

In  its  course  to  the  sea,  the  ebb  tide  is  deflected  by  the  con- 
verging lines  towards  the  gorge,  and  forms  two  currents,  one  near 
the  shore,  where  the  frictional  resistance  is  greater,  the  path 
longer,  and  the  depth  lesser  than  in  the  other  channel,  skirting 
the  inner  edge  of  the  breakwater.     In  consequence,  two  valleys 
are  formed,  one  parallel  to  the  shore,  the  other  near  the  jetty,  with 
a  low,  flat  spur  between  them.    The  stronger  of  these  currents 
has  scoured  out  a  basin  inside  the  section  of  "the  Gorge,"  extend- 
ing to  a  depth  of  54  ft.,  and  containing  about  286,250  cub.  yds. 
below  the  30-foot  curve.    This  contour,  which  originally  passed 
near  the  eastern  end  of  the  breakwater,  has  been  cut  back  a  dis- 
tance of  900  ft.,  and  has  a  channel  of  600  ft.  between  its  opposite 
branches.    The  area  covered  by  the  30-foot  plane  inside  the  gorge 
is  18  acres.     Here  then  is  an  instance  of  a  jetty  placed  in  the  open 
sea  scouring  out  and  maintaining  a  channel  of  over  30  ft.  in 
depth,  and  for  a  distance  of  more  than  3,000  ft.     It  will  also  be 
observed  that  the  eddies  formed  by  the  currents  passing  the  ends 
of  the  jetties  have  scoured  to  depths  of  between  50  and  54  ft- 
The  hole  in  New  York  harbor  which  we  attributed  to  eddy  action 
is  52  ft.    This  would  seem,  then,  to  be  the  limit  of  such  scour 
under  these  conditions  of  velocity  and  contraction.     It  may  also 
be  laid  down  as  a  law  that  the  deep  holes  are  on  the  up  stream 
side  of  a  gorge  or  contraction,  that  is,  the  side  toward  the  current 
and  the  bar  or  crest  is  below.    This  indicates  the  direction  of 
bottom  movements.    Thus  the  hole  on  the  south  side  of  the  ice- 
breaker, near  the  western  end,  has  been  made  by  the  flood  or  up 
stream  current,  and  an  inspection  of  the  velocity  curves  at  station 
(7)  shows  this  supposition  to  be   correct,  for  the  flood  is   the 
stronger  at  that  station. 

It  will  be  seen  from  the  above  that  the  deep  water  at  "the 
Gorge,"  is  attributed  not  to  the  "  inrush  of  the  flood,"  as  has  been 
alleged  to  be  the  case,  but  to  the  reverse  currents,  and  this  view 
is  verified  by  the  velocity  curves  at  stations  1,  2  and  3,  where  the 
ebb  predominates;  it  is  further  confirmed  by  the  low  crest  formed 
outside  the  section  and  by  the  lump  on  the  outer  side  of  the  east- 
ern end  of  the  breakwater.  Instead,  therefore,  of  material  being 
carried  into  the  harbor  through  this  section,  it  is  scoured  out. 
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Enclosing  tab  Harbor. 

With  reference  to  the  plan  of  enclosing  the  harbor  at  its  upper 
end  for  the  purpose  of  keeping  out  sediment,  it  will  be  seen  that 
a  structure  which  would  shut  out  sand  must  also  exclude  the  cur- 
rents which  carry  it,  and  will  therefore  destroy  the  only  natural 
force  that  can  be  utilized  for  removing  the  present  extensive  de- 
posits. It  would  equalize  the  ebb  flow,  and  so  neutralize  the  ex- 
isting ebb  resultants,  which  can  be  employed  for  the  purpose  of 
deepening  the  harbor. 

If  such  an  enclosing  jetty  were  to  be  built  out  from  the  shore 
gradually,  it  would  produce  a  scour  in  the  portion  of  the  section 
remaining  open,  making  along  the  line  of  the  work,  deeper  water, 
and  so  increasing  the  cost  of  construction;  and  the  material 
scoured  from  this  line  would  be  left  inside,  only  to  be  removed 
by  dredging.  Upon  completion  of  the  enclosure,  the  ebb  result- 
ant being  cut  off,  the  flood  and  ebb  at  the  gorge  would  be  about 
equal,  and  no  material  could  be  carried  out;  but  whatever  was 
carried  in  by  winds  or  waves,  would  remain  unless  removed  by 
artificial  means.  The  cost  of  the  enclosure  is  estimated  at 
$1,500,000;  but  this  does  not  include  the  dredging  of  the  harbor, 
nor  closure  of  the  gap,  which  latter  is  placed  at  $500,000  more, 
making  a  total  of  $2,000,000,  exclusive  of  the  dredging. 

The  Remedy  Proposed, 

therefore,  which  seems  best  adapted  to  the  exigencies  of  this 
case,  appears  to  be  the  transfer  of  enough  of  the  present  ice- 
breaker to  the  gorge  to  fill  it  (80,000  cub.  yds.),  and  to  substitute 
therefor,  iron  caissons  or  booms  as  a  protection  from  ice.  This 
would  open  the  harbor  to  the  action  of  the  ebb  scour,  which  could 
be  materially  assisted  by  properly  angulated,  temporary  or  float- 
ing jetties  and  deflectors.  The  time  required  to  effect  these 
changes,  if  vigorously  prosecuted,  would  be  much  less  than  the 
four  years  estimated  to  be  necessary  to  close  the  gap  by  the 
present  plan. 

The  Estimate 

in  the  Report  of  the  Board  of  Engineers,  as  submitted  in  1879, 
calls  for 
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"50,000  cub.  yards  of  rip-rap  stone,  @  $3.00,  .        .        $150,000 
25,000    "        "      "   dimension  stone,  @  $18.00,  .  450,000 


$600,000" 


and  it  adds: 

"  The  plan  of  construction  being  to  build  up  from  the  bottom 
with  rip-rap  stone  to  12  ft.  below  low  tide;  then  to  12  ft.  above 
low  tide,  a  wall  with  say  80  ft.  base  and  12  ft.  thickness  at  top 
with  very  large  quarried  dimension  stone  or  with  concrete." 

The  breadth  of  the  substructure  at  top  is  subsequently  fixed  at 
48  ft.  The  average  depth  is  30  ft.,*  which  leaves  18  ft.  below  the  12- 
ft.  plane,  and  the  average  length  at  this  depth  is  at  least  1200  ft. 
Taking  the  side  slopes  at  1  on  2  =  J,  there  would  result  for  the 
volume  of  rip-rap,  67,200  cub.  yds.,  instead  of  50,000,  and  for  the 
prism  of  concrete  or  masonry,  24'  X  21'  X  1390't  =  25,946  cub. 
yds.,  instead  of  25,000,  with  no  allowance  for  shrinkage  or  settle- 
ment. This  would  make  the  aggregate  cost  at  the  figures  given 
in  the  estimate  $668,638,  and  the  volume,  93,146  cub.  yds. 

To  close  the  gap  by  a  triangular  mole,  having  side  slopes  of  J 
and  reaching  to  the  surface,  would  require  a  volume  of  only 
about  80,000  cub.  yds.  of  stone.  The  form  of  the  structure,  having 
a  re-entrant  angle,  would  cause  a  bar  to  form  outside,  and  so  re- 
inforce the  breakwater.  By  taking  the  material  from  the  ice- 
breaker for  filling  the  gap,  we  "kill  two  birds  with  one  stone," 
for  the  subsequent  expense  of  removing,  the  ice-breaker  is  saved, 
and  we  have  no  doubt  as  to  the  desirability  and  ultimate  neces- 
sity of  its  removal.  To  remove  it  and  carry  the  material  ashore, 
or  otherwise  dispose  of  it,  would  cost  about  $300,000,  so  that  the 
plan  proposed  would  save  about  $500,000,  and  give  much  deeper 
water  without  dredging.  This  leaves  an  ample  margin  for  float- 
ing ice-breakers  should  they  be  found  necessary. 

In  Conclusion, 

we  have  merely  to  add  that,  after  much  discussion,  an  Act  of  Con- 
gress was  passed  August  2d,  1882,  making  an  appropriation  of 

*  Col.  Ludlow  gives  the  average  depth  at  31  ft.    Page  462,  1879.    We  are  there- 
fore on  the  safe  side, 
t  Length  at  low  water  line.    Beport,  188^  page  846. 
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1125,000  to  commence  the  work  of  closing  the  gap,  and  although 
it  was  begun  at  an  early  date  thereafter,  yet  in  consequence  of  fre- 
quent changes  of  executive  officers,"*"  and  modifications  in  plans, 
so  much  time  has  been  lost,  that  at  the  date  of  the  Annual  Report 
of  Capt.  Heuer,  June  30th,  1885,  there  had  been  completed  the 
construction,  and  placing  of  258  mattresses  (30'  X  16'  x  2')  in  a 
layer,  90  ft.  wide  along  the  gap,  and  the  "  loading  of  the  same 
with  1813  cub.  yds.  of  small  stone,  and  1198  tons  of  large  stone." 
This  is  equivalent  to  about  2412  cub.  yds.  A  contract  was  then 
being  executed  for  23,000  tons,  or  about  13,000  cub.  yds.  of  stone 
by  Andrews  &  Locke,  of  Baltimore.  The  total  amount  expended 
was: 

To  June  30th,  1884, $26,246  95 

"      "        "     1885, 29,113  52 


$55,360  47 
(The  total  estimate  under  Genl.  G.  Weitzel,  U.  S.  E.,  was 
$675,000.)  The  amount  expended  represents  the  cost  of  the  mat- 
tresses, piles  and  plant,  with  the  2412  cub.  yds.  of  stone  in  place. 
The  volume  of  the  mattresses  is  about  9000  yards.  This,  with 
the  stone  in  place,  will  be  about  11,500  cub.  yds.,  or  about  11  per 
cent.,  which,  at  the  same  rates,  would  make  the  cost  about 
$503,300,  and  the  time  to  close  the  gap,  about  22  to  25  years. 

The  total  expenditures  from  1829  to  June  30th,  1885,  have  been 
$2,422,195.27,  and  the  harbor  is  almost  useless  for  large  draught 
vessels.  The  proposed  expenditure  of  another  half  million  to  close 
the  gap  will  produce  but  small  results,  so  long  as  the  ice-breaker 
remains  in  its  present  position,  and  we  are  of  the  impression  that 
the  benefits  to  the  harbor  would  be  more  than  doubled  at  half 
the  cost  by  the  plan  we  have  suggested. 

Government  Appropriations. 

This  leads  us  to  make  a  note  upon  the  present  method  of  dol- 
ing out  the  government  appropriations  piecemeal  for  every  creek, 
river,  pond,  lake,  or  harbor,  which  may  be  considered  worthy  of 
attention. 

*  There  have  been  four  changes  in  as  many  years. 
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It  is  not  possible  for  the  Government  or  any  engineers  to  do 
economical  or  effective  work,  when  their  resources  are  thus  re- 
stricted, and  still  more,  it  is  an  unnecessary  burden  upon  the 
Members  of  Congress,  who,  in  addition  to  their  multifarious 
duties,  are  required  to  vote  upon  the  multitude  of  items  entering 
into  the  River  and  Harbor  bill. 

It  is  impossible  for  our  representatives  to  inform  themselves  as 
to  the  requirements  of  each  individual  case,  for  which  they  may 
be  asked  to  appropriate  an  amount  varying  from  a  few  dollars  to 
hundreds  of  thousands.  Again  since  the  appropriations  are  made 
annually,  and  it  is  unknown  whether  or  not  the  bill  will  pass  for 
the  next  year,  the  estimates  submitted  must  contain  a  large  contin- 
gent to  provide  for  maintenance  of  plant  and  work  in  case  of 
failure.  Such  failures  to  pass  the  bill,  since  the  war,  have  oc- 
curred in  the  years  '64,  '65,  77,  '83,  '85.  The  U.  S.  Corps  of 
Engineers  must  not  be  held  responsible  for  the  wastefulness  inci- 
dent to  the  existing  methods  of  conducting  our  public  works,  as 
they  are  in  no  sense  accountable  for  the  irregularity  of  the  appro- 
priations or  for  the  frequent  changes  of  stations  and  duties,  which 
prevents  a  personal  study  of  the  numerous  and  difBcult  problems 
submitted,  often  for  their  immediate  action. 

It  would  undoubtedly  be  more  satisfactory  to  all  interests  to 
make  an  appropriation  in  a  lump  sum,  and  to  place  it  in  the 
hands  of  a  Commission,  to  be  apportioned  to  the  three  or  more 
grand  geographical  divisions  into  which  this  country  is  naturally 
separated  by  the  Alleghany  and  Rocky  Mountain  divides  and  the 
basin  of  the  (xreat  Lakes.  Thus,  by  grouping  according  to  topo- 
graphical features,  into  basins  of  greater  and  lesser  magnitude, 
with  a  local  officer  or  engineer  permanently  attached  to  each,  the 
very  best  results  could  be  obtained,  and  a  judicious  application 
be  made  of  the  money  appropriated  for  any  section  of  any  depart- 
ment; the  time  of  Congress  would  be  greatly  relieved  for  the 
more  legitimate  work  of  legislation,  and  the  rapidity  of  execution 
of  the  public  works  be  greatly  promoted. 
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XXII. 


SOME  ENGINEERING  FEATURES  OF  THE  NICARAGUA  SHIP 

CANAL 

6j  J.  Foster  Cbowell,  Active  Member  of  the  Club. 
Bead  February  20M,  1886. 

At  the  last  Meeting  of  the  Club  the  writer  presented  a  general 
chronicle  of  what  has  been  accomplished  towards  each  of  the  three 
projects  for  establishing  Interoceanic  Communication,  and  a  com- 
parison of  their  ultimate  utility,  assuming  for  the  time  being  that 
the  Engineering  problems  for  all  had  been  solved,  each  in  its 
place. 

For  that  presentation  it  was  not  essential  to  enlarge  on  the 
characteristics  of  the  Panama  Canal,  which  will,  if  completed,  be 
a  thorough  cut  at  the  sea  level;  nor  upon  those  of  the  Ship  Rail- 
way, which,  per  se,  is  to  be  continuous  from  ocean  level  to  ocean 
level,  so  far  as  we  are  informed  by  its  designers — for  although  it 
is  claimed  by  others  that  in  order  to  reach  the  termini  of  the  rails, 
canalization  may  have  to  be  resorted  to,  such  considerations  were 
foreign  to  the  purpose  of  the  paper. 

But  to  arrive  at  a  proper  understanding  of  the  Nicaragua 
scheme,  in  its  modified  form,  it  became  necessary  to  briefly  de- 
scribe its  composite  character  and  its  component  parts.  The  scope 
and  limit  of  the  paper,  however,  did  not  permit  of  detail,  and  it 
is  in  response  to  the  recjuest  of  some  members  who  were  present 
at  that  meeting,  for  fuller  information,  that  the  writer  has  agreed 
to  supply  it,  in  as  far  as  he  is  able. 

Speaking  to  Engineers,  and  with  a  high  sense  of  the  demands 
of  professional  courtesy,  he  deems  it  proper  to  preface  this  duty 
with  such  a  clear  explanation  of  his  attitude  in  it,  that  no  mis- 
construction can  be  possible.  He  desires  to  state,  first,  that  he 
has  no  interest,  other  than  the  professional  one  we  all  have,  in 
this  undertaking,  and  in  no  sense  is  commissioned  to  be  its 
spokesman ;  second,  that  his  labors  in  connection  with  the  origi- 
nal surveys,  prior  to  1874,  have  given  him  familiarity  with  this 
region,  in  which  he  spent  the  larger  parts  of  two  years  of  active 
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work ;  third,  that  the  paper  above  referred  to  was  written  and 
read  without  the  knowledge  of  the  distinguished  engineer  whose 
plans  are  to  be  discussed;  and,  fourth,  that  since  the  last  meeting 
the  latter  has  been  furnished  by  the  writer  with  an  abstract  of  the 
paper,  and  made  acquainted  with  the  desire  of  our  Members  to 
know  more  of  the  subject,  and  he  has  kindly  furnished,  in  re- 
sponse, the  drawings  which  will  presently  be  presented  to  your 
notice. 

In  proceeding  to  the  discussion  it  may  be  well  to  remark,  that 
in  the  limited  sense  in  which  the  word  canal  is  generally  used,  it 
is  a  misnomer  for  the  Nicaraguan  project,  which  is  a  slack  water 
system  of  grand  dimensions,  wherein  lake  and  river  navigation, 
practically  unrestricted,  constitute  129^  miles,  or  77  per  cent,  of 
the  entire  passage  between  the  oceans,  while  the  artificial  chan- 
nels aggregate  only  40  miles,  or  23  per  cent,  the  entire  transit 
being  169^^  miles.  Of  these  artificial  channels,  more  than  13 
miles  will  be  of  such  depth  and  width  as  to  deprive  them  of  any 
objectionable  restriction,  leaving  only  an  aggregate  length  of  27 
miles,  divided  into  several  separate  stretches,  of  confined  canal. 

To  grasp  the  problem  firmly  in  our  minds,  we  must  recur  to  the 
topographical  features  of  the  site.  The  Lake  of  Nicaragua,  about 
90  miles  long,  by  from  35  to  45  miles  in  width,  receives  the  sur- 
face drainage  of  a  basin  that  contains  about  three  times  its  super- 
ficial area,  or  about  8,000  square  miles.  The  strip  of  land  that 
separates  the  Lake  from  the  Pacific  Ocean  is,  at  its  narrowest 
places,  from  12  to  15  miles  in  width ;  at  a  point  near  where  the 
width  is  least,  the  mountain  range  which  forms  the  back -bone  of 
the  entire  Isthmus,  has  its  lowest  notch,  and  at  this  point  is  the 
location  for  the  western  section  of  the  Canal :  this  mountain  range 
heads  the  drainage  into  the  lake  on  the  west  and  south.  On  the 
north  and  east  are  other  ranges  which  intersect  each  other.  At 
the  north-western  end  of  the  Lake  enters  a  short  river,  the  Tipi- 
tapa,  which  is,  in  the  rainy  season,  an  overflow  outlet  for  the 
waters  of  Lake  Managua,  whose  lowest  level  is  15  feet  higher 
than  the  highest  level  of  Lake  Nicaragua,  which  is  110  feet  above 
ocean  mean  tide.  The  drainage  of  this  great  basin  flows  into  the 
lake  in  numerous  small  rivers.  The  only  break  in  the  mountains 
bordering  the  basin  on  the  south,  north  and  east,  is  at  the  extreme 
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eastern  end  of  the  lake,  and  through  it  the  San  Juan  River  flows 
towards  the  Atlantic — the  only  outlet  that  the  lake  has.  The 
San  Juan  Valley  is  a  narrow  prolongation  of  the  basin,  being 
hemmed  in  on  both  sides  by  extensions  of  the  mountains,  as  far 
down  as  the  mouth  of  the  San  Carlos  River,  about  64  miles  from 
the  lake,  which  enters  from  the  south  through  a  lateral  valley 
of  the  same  general  character. 

A  short  distance  below  the  mouth  of  the  San  Carlos,  at  Ochoa, 
the  main  valley  narrows,  and  here  the  dam  which  is  to  establish 
the  summit  level  is  to  be  placed. 

With  the  single  exception  of  the  San  Carlos,  all  the  tributaries 
of  the  San  Juan,  from  the  Lake  to  Ochoa,  are  small  streams  with 
rapid  fall  from  the  near-by  mountains;  valuable  as  feeders  in  the 
aggregate,  and  possessing  no  injurious  qualities  affecting  the 
scheme.  None  of  these  streams  are  silt- bearers  to  any  appreciable 
extent;  a  fact  that  is  clearly  demonstrated  by  the  character  of  a 
remarkable  stretch  of  dead  water  in  the  San  Juan — the  Agua 
Muerte — which,  although  forming  a  subsiding  reservoir,  20  miles 
in  length,  practically  without  current,  has  preserved  its  unusual 
depth,  ranging  from  20  to  60  feet,  and  clear  bottom  throughout 
the  ages. 

The  lower  San  Juan,  that  is  below  Ochoa,  need  not  occupy  our 
attention  at  this  time,  for  it  forms  no  part  of  the  scheme  of  navi- 
gation. 

Just  above  Ochoa,  a  small  stream,  the  Machado,  enters  from 
the  north,  and  a  short  distance  up  its  valley  a  cross  valley  enters 
from  the  east,  the  latter  being  nearly  parallel  to  the  San  Juan, 
and  separated  from  it  by  the  spur  in  which  is  rooted  the  northern 
end  of  the  dam :  the  raising  of  the  water  by  the  dam  floods  this 
cross  valley,  and  converts  it  into  a  natural  canal  for  some  distance 
towards  the  Atlantic. 

Nine  miles  below  the  dam,  another  river,  the  San  Francisco, 
enters  the  San  Juan  from  the  north,  being  formed  of  two  branches, 
which  unite  just  above  the  mouth,  these  branches  are  also  nearly 
parallel  to  the  San  Juan,  one  stretching  back  towards  the  Ma- 
chado, and  the  other,  the  Cano  de  los  Chanchos,  towards  the 
north-east.  Across  the  river,  between  the  forks,  and  the  San  Juan, 
a  second  dam,  the  same  height  as  the  Ochoa  Dam,  is  to  be  thrown, 
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and  the  divide  between  the  Machado  and  the  San  Francisco  will 
be  passed  by  a  stretch  of  canal.  By  this  treatment  the  summit 
level  is  prolonged  up  the  Cano  de  los  Chanchos,  and  carried 
through  the  divide  between  the  San  Francisco  and  San  Juanillo 
Basins,  and  enters  the  valley  of  the  Deseado,  a  stream  flowing 
into  the  San  Juanillo,  follows  its  bed  a  short  distance,  then  takes 
its  left  bank  and  reaches  the  site  of  the  upper  lock  on  the  Atlantic 
side  of  the  lake,  the  length  of  the  cut  through  the  divide  being 
14,200  feet,  with  an  average  depth  of  cutting  of  147  feet  above 
the  bottom  of  canal,  constituting  the  heaviest  work  on'  the  entire 
line.  This  lock  (No.  3),  carved  in  a  rocky  spur  of  the  northern 
hills,  is  the  eastern  end  of  the  summit  level,  which  stretches  back 
through  the  San  Francisco  Basin,  up  the  San  Juan,  and  across 
the  lake  to  the  first  lock  on  the  west  side,  a  distance  of  144^ 
miles. 

This  rock-hewn  lock  drops  the  canal  53  feet,  into  the  valley  of 
the  Deseado:  4,600  feet  further  is  another  lock,  with  a  drop  of  27 
feet,  and  thence  the  line  follows  the  widening  valley  1,500  feet 
further,  to  the  third  and  last  lock,  which,  with  a  drop  of  26  feet, 
lowers  the  canal  to  the  sea  level.  From  this  lock  to  Greytown 
harbor,  a  distance  of  61,000  feet,  11^^  miles,  the  course  is  direct 
across  the  low,  flat  basin  of  the  sinuous  San  Juanillo  and  through 
the  lagoon  district,  the  average  of  which  is  10  feet  above  tide. 

Waste  weirs  are  to  be  provided  for  the  control  and  discharge 
of  the  surplus  water  of  the  San  Francisco.  The  inextensive 
surface  drainage  of  the  Deseado,  the  San  Juanillo  and  the  Laguna 
Bernard,  is  to  be  kept  from  the  canal  by  suitable  artificial  chan- 
nels, and  through  the  low  lands  the  canal  will  be  further  pro- 
tected by  embankment. 

On  the  western  side  of  the  lake  the  summit  level  is  carried 
through  the  divide. 

The  following  description  of  the  western  division  and  lake  sec- 
tion is  from  a  recently  published  article  in  the  American  Engineer: 

Leaving  the  western  shore  of  the  lake  a£  the  mouth  of  the  River  Lajas,  the  line  of 
the  canal  follows  the  hed  of  that  stream,  which  is  to  be  diverted  into  the  lake  at  an- 
other point,  for  one  and  a  half  miles,  crosBes  a  little  plain  three  quarters  of  a  mile  wide, 
enters  the  vallej  of  the  Gusoojol,  a  small  tributary  of  the  Livjafl,  foUows  this  to  the 
summit,  4.7  miles  from  the  lake  and  41.41  feet  above  it,  then  descends  one  and  three- 
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quarter  miles  over  a  moderately  rolling  countiy  to  the  Bio  Grande,  a  large  stream 
draining  an  extensive  area  of  the  eastern  slope  of  the  Cordillera.  This  stream  is  also 
to  he  diverted  into  the  lake  by  an  artificial  channel  across  the  ridge,  and  the  canal, 
following  its  upper  valley  for  about  one  and  a  half  miles,  reaches  the  head  of  the 
broad  lower  valley  and  the  first  of  the  locks.  At  this  point  the  summit  level  ends,  and 
from  here  the  canal  sweeps  down  the  broad  valley  of  the  Bio  Qrande,  dropping  by 
three  more  locks  of  26.4  feet  to  29.7  feet  lift,  to  the  sea  level  at  lock  No.  7, 1.4  miles 
inland  from  Brito.  Here  the  canal  practically  ends,  as  from  this  point  to  the  sea  it  is 
so  enlarged  as  to  form  an  extension  of  the  harbor. 

Between  the  lake  and  Brito  one  small  stream  is  taken  into  the  canal  by  a  receiving 
weir,  the  Biver  Tola,  and  several  small  streams  coming  from  the  north  are  to  be  passed 
under  the  canal,  and  along  its  lower  portion  will  be  ditches  to  intercept  the  surface 
drainage  and  convey  it  to  the  sea. 

The  material  to  be  excavated  in  this  division  is  sand,  clay,  gravel,  and  in  the  divide 
cut,  rock,  which  will  be  utilized  in  the  construction  of  the  breakwater  at  Brito,  pitch- 
ing the  canal  slopes,  and  in  the  concrete  for  the  locks,  culverts,  weirs,  and  the  dam 
across  the  Bio  Grande.  The  location  of  the  canal  in  this  division  is  the  same  as  that 
proposed  by  Civil  Engineer  Menocal  on  his  return  from  Nicaragua  in  1880.  The 
prism,  however,  has  been  increased,  the  number  of  locks  reduced,  and  their  location 
changed.    The  enlargement  of  the  terminal  section  is  also  a  new  feature. 

The  lake ;  56.50  miles  from  the  mouth  of  the  Biver  Liyas  to  Ft.  San  Carlos  at  the 
head  of  the  San  Juan.  Through  this  section  no  less  than  28  feet  of  water  can  be 
carried  now  to  within  2400  feet  of  the  mouth  of  the  LAJas  on  the  west  shore  of  the 
lake,  and  within  eight  miles  of  Ft.  San  Carlos  on  the  southeastern  Rhore.  For  the 
former  distance  some  dredging  and  rock  excavation  under  water  is  necessary,  and  in 
the  latter,  dredging  in  soft  mud  to  an  average  depth  of  3^  feet  to  extend  deep  water 
from  mouth  of  Lajas  to  entrance  of  San  Juan.  These  dredged  channels  will  be  150 
feet  wide  on  the  bottom.  For  a  distance  of  24  miles  between  the  Lake  and  Toro 
Bapids,  there  will  be  needed  some  dredging  to  secure  a  bottom  with  150  ft.  in  the 
San  Juan. 

With  this  description  and  a  glance  at  the  profiles  and  maps  be- 
fore you,  the  general  scheme  must  be  clearly  understood,  and  we 
may  therefore  turn  to  the  examination  of  the  drawings  of  the 
structural  parts  of  the  scheme,  and  describe  in  order, 

1st.  The  Dams. 

2d.  The  Locks,  exemplified  by 

a.  The  tidal  Lock  at  Brito  Basin. 

6.  The  great  rock-hewn  Lock,  No.  3. 

c.  The  Rolling  Gate,  designed  by  Mr.  Peary  for  this  particu- 
lar case. 
3d.  The  Brito  Basin. 
4th.  The  Harbor  at  Greytown. 
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The  Dams. 

The  two  dams  at  Ochoa  and  San  Francisco,  although  they  are 
to  hold  in  place  the  far-reaching  waters  of  the  grand  summit 
level,  are  so  favorably  located  that  their  construction  presents 
no  unusual  difficulties. 

The  first  is  to  be  rooted  between  two  steep,  rocky  hills,  at  a 
point  where  the  river  is  1,133  feet  wide,  with  an  average  depth  of 
6^  ft.  It  will  be  1,255  ft.  long,  52  ft.  high  above  present  water  level, 
with  foundations  extending  20  ft.  below.  Constructed  entirely  of 
concrete,  with  timber  lined  crest,  front  and  apron,  and  rip-rap 
protected  back,  it  forms  a  gigantic  monolith,  wedged  between  the 
rock  abutments  of  the  everlasting  hills. 

The  other  will  be  6,500  ft.  long,  with  a  maximum  height  of  51 
ft.  It  will  consist  of  an  embankment.  Near  the  embankment  a 
waste  weir  1,000  ft.  long  will  be  cut  through  the  adjoining  hill,  to 
control  or  discharge  surplus  water,  and  there  will  also  be  a  tun- 
nel or  culvert  cut  through  the  solid  rock  and  controlled  by  gates, 
to  be  used  in  emergencies,  to  draw  off  the  water  of  the  San  Fran- 
cisco. 

The  Locks. 

The  locks  proposed  are  magnificent  structures,  650  ft.  long  between  gates,  65  ft. 
wide  between  gate  abutments,  and  with  29  ft.  of  water  over  the  sills,  capable  of  oon- 
taining  the  "Citj  of  Rome,"  or  the  '' Acapulco"  and  ''Colon"  together.  There  are 
seven  (7)  in  all ;  five  with  lifts  varying  from  26  ft.  to  29.7  ft. ;  one  (the  tidal  lock  at 
Brito)  with  a  variable  litt,  24.2  ft.  to  33.18  ft.,  dependent  upon  the  stage  of  the  tide; 
and  one,  lock  No.  3,  at  the  eastern  extremity  of  the  summit  level,  having  a  lift  of 
53  ft.  This  lock  will  be  carved  from  the  solid  rock  and  faced  up  with  concrete.  The 
other  locks  will  be  built  entirely  of  concrete,  on  a  concrete,  or  concrete  and  timber 
foundation,  as  may  be  required,  and  all  will  be  lined  with  heavy  timber  from  the  top 
of  the  wallM  to  15  ft.  below  the  lower  water  level.  Fender  cribs  or  piles,  dependent 
on  material  of  bottom,  protect  and  guide  entering  vessels  and  floating  moorings  in  the 
lock  chamber,  rise  or  fall  with  the  vessel,  keeping  her  steadily  in  the  axis  of  the  lock. 
Two  10-ft.  culverts,  extending  along  the  sides  of  the  lock,  and  connected  with  it  by  22 
branch  conduits,  fill  or  empty  the  chamber  in  15  minutes  for  lock  No.  3,  and  11  min- 
utes for  the  others. 

All  the  head  gates,  and  the  tail  gates  of  all  the  locks,  except  No.  3,  are  iron  sliding 
gates,  retreating  into  a  lateral  recess  when  opened.  For  the  tail  gate  of  lock  No.  3, 
88  ft.  in  height,  there  has  been  adopted  a  rolling  gate  of  novel  design,  proposed  by 
Civil  Engineer  R.  £.  Peary,  U.  S.  N ,  which  meets  all  the  requirements  of  the  prob- 
lem, and  which  may  be  eventually  adopted  for  all  the  other  locks.  This  device  con- 
sists of  an  iron  rolling  or  tumbling  gate,  traveling  on  rails,  and  retreating  when  open 
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into  a  lateral  reoees.    It  is  manipulated  by  a  small  car  traveling  on  the  top  of  the 
lock,  and  connected  to  the  gato  by  a  long  strut  or  pitman  rod. 

In  shape  the  gate  may  be  described  as  a  rectangular  upper  portion,  resting  on  a 
curved  lower  portion,  the  inner  or  rear  part  of  the  curve  being  a  quadrant  of  a  circle 
of  such  radius  that  the  length  of  the  arc  of  the  quadrant  is  equal  to  the  width  of  the 
lock. 

In  the  lower  portion  of  the  gate  is  a  water-tight  compartment,  extending  up  its 
inner  rear  side  to  the  top,  to  contain  a  shifting  wator  ballast.  The  remainder  of  the 
gate  consists  of  open  trusses  plated  on  the  down  stream  chords.  Flanges  upon  the 
curved  bottom  of  the  gato  prevent  any  lateral  movement,  and  any  possibility  of  slip 
forward  or  backward  is  precluded  by  four  chains,  each  equal  in  length  to  the  arc  of 
the  rolling  quadrant,  arranged  in  pairs.  One  pair  is  attached  at  one  end  to  the  gate 
at  the  upper  extremity  of  the  quadrant,  and  at  the  other  end  to  the  bottom  of  the  lock 
directly  under  the  lower  extremity  of  the  quadrant;  and  the  other  pair  is  attached  in 
just  the  reverse  manner,  the  motion  of  the  gate  either  forward  or  back,  winding  one 
pair  upon  the  periphery  of  the  rolling  quadrant  at  the  same  speed  that  it  unwinds 
the  other  pair,  thus  rendering  it  impossible  for  the  slightest  slip  to  occur,  while  at 
the  same  time  the  utmost  freedom  of  rotation  is  permitted. 

The  car  is  a  rigid  rectangular  frame  traveling  on  two  rails  placed  at  right  angles 
to  the  axis  of  the  lock,  one  on  each  side  of  the  gate  recess.  From  the  forward  end  of 
the  car  to  the  upper  front  comer  of  the  gate  extends  an  iron  spar,  attached  both  to  the 
car  and  the  gate  by  pin  joints,  permitting  free  motion  in  a  vertical  plane,  but  kept 
rigid  and  unyielding  in  the  horizontal  plane  by  wire  rope  guys,  reaching  from  its  outer 
extremity  to  the  sides  of  the  car. 

Motion  is  imparted  to  this  car  by  a  compressed  air  or  hydraulic  motor  situated  on 
the  car,  which  drives  a  shaft  bearing  two  drums.  Each  of  these  drums  carrying  sev- 
eral turns  of  a  fixed  cable,  the  car  is  worked  backward  and  forward  by  simply  reserv- 
ing the  motion  of  the  drums.  By  means  of  water  ballast,  the  gate  can  be  ac^usted  to 
exert  any  desired  pressure  on  the  rails. 

The  method  of  preventing  any  lateral  movement  of  the  bottom  of  the  gate  has 
already  been  noted.  Lateral  motion  or  deflection  of  the  top  by  the  action  of  the  wind 
is  prevented  in  two  ways,  viz. :  by  rollers  on  the  opposite  faces  of  the  gate  recess,  and 
by  rigid  (laterally)  braced  connecting  rod  above  mentioned,  by  which  the  gate  is  ad- 
justed and  supported  precisely  in  its  vertical  plane  of  motion. 

To  close  or  open  the  gate,  the  car  is  started,  the  upper  front  comer  of  the  gate  rises, 
and  moves  forward  or  backward  in  response  to  the  push  or  pull  of  the  connecting  rod; 
one  pair  of  chains  unwinds  from  the  gate  while  the  other  winds  on  it ;  the  water  ballast 
shifts  with  the  gate,  neither  assisting  or  retarding  its  motion,  but  simply  keeping  it  on 
the  rails,  and  thus  under  perfect  control,  and  held  as  in  a  vise  in  every  direction,  the 
gate  rapidly  and  smoothly  advances  from  or  retreats  into  the  recess. 

The  advantages  of  this  gate  are  perfect  control,  combined  with  rapidity  and  simpli- 
city of  operation;  most  advantageous  application  of  power;  concentration  of  all 
moving  mechanism  on  top  of  the  lock,  where  it  is  perfectly  accessible ;  and  facility  of 
access  to  all  but  a  very  small  portion  of  the  gate  itself  for  painting  or  repairs,  without 
interfering  with  the  use  of  the  lock. 

The  necessary  macliinery  for  operating  the  locks  and  culvert  gates,  hauling  vessels 
in  and  out  of  the  locks,  electric  lighting  and  other  purposes,  will  be  worked  by  hy- 
draulic power. 

VOL.  v. — 22. 
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The  Harbobs. 

We  have  before  us  the  Hydrographic  maps  of  the  conditions  of 
the  two  sea  termini  at  Brito  (in  1872-3),  and  at  Greytown,  in  72, 
73,  74  and  1880,  which  will  serve  to  illustrate  the  methods  pro- 
posed for  protecting  the  entrances  to  the  canal.  It  must  be  borne 
in  mind  that  for  all  the  purposes  of  through  commerce,  the  Lake 
of  Nicaragua  forms  the  most  superb  harbor  that  can  be  imagined : 
for  refitting,  taking  in  stores,  docking  for  repairs,  and  all  the  mul- 
tifarious needs  of  shipping,  nothing  more  could  be  asked  for. 
Situated  in  a  magnificent  and  healthy  country,  with  immunity 
from  continued  gales  and  ample  shelter,  this  beautiful  inland 
sea  is  ready  and  waiting  this  its  most  appropriate  use. 

What  is  required  then,  at  either  ocean,  is  not  a  harbor  for  re- 
taining vessels,  but  simply  adequate  protection  to  the  canal  en- 
trance and  sufficient  water  to  reach  it.  It  is  unnecessary  to  do 
more  than  this,  inasmuch  as  the  parts  of  the  canal  which  are 
at  sea  level,  are  to  be  made  sufficiently  wide  to  accommodate  ves- 
sels awaiting  lockage  up,  without  interference  with  the  passage 
by  others. 

The  charts  show  the  means  proposed  to  secure  adequate  pro- 
tection and  sufficient  water;  and  with  them  before  you  it  is  not 
necessary  to  say  anything  more  in  order  to  expel  the  bugbear 
which  has  always  been  set  up  by  the  enemies  to  this  project. 

No  changee  are  propoeed  in  the  methods  reoommended  in  Captain  Lull's  report  of 
surreys  in  1872-3  for  the  improvement  of  the  harbors  at  the  termini  of  the  canal. 
But  the  change  of  location  of  the  tidal  lock  at  Brito,  from  the  inner  end  of  the  harbor, 
as  was  before  proposed,  to  a  place  1.4  miles  inland,  necessitates  material  modifications 
in  the  anchorage.  The  canal  is  to  be  so  enlaiged  along  that  portion  from  the  lock  to 
the  harbor  that  it  will  be  practically  an  extension  of  the  harbor,  where  vessels  can 
either  lie  or  pass  each  other  without  inconvenience. 

A  large  harbor  for  the  sole  purpose  of  accommodating  a  number  of  ships,  is  there- 
fore, unnecesftarj  with  the  new  plan  ;  the  main  object  being  to  have  an  easy  entrance 
to  the  harbor,  and  a  sufficient  area  inside  to  permit  the  expansion  and  ultimate  de- 
struction of  the  swell  before  reaching  the  lock.  This  will  be  effectively  accomplished 
by  the  plan  proposed. 

There  is  no  marked  change  in  the  conditions  of  Greytown  Harbor  since  the  United 
States  Government  survey  of  1872-73,  except  an  increased  silting  up  of  the  inner 
bay,  and  a  slight  recession  of  the  six  £Bithom  line  off  shore. 

The  plan  of  improvement  is  the  same  as  before  reconmiended,  and  is  capable  of 
much  greater  facility  and  economy  of  execution,  owing  to  the  abundant  supply  of 
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stone  to  be  obtained  from  the  neighboring  cat  through  the  divide,  instead  of  from 
Monkey  Point,  as  before  proposed.  That  portion  of  the  canal  from  the  last  lock  to 
the  sea  will  be  enlarged,  as  at  Brito,  to  form  an  extension  of  the  harbor,  except  that 
here  the  enlargement  extends  11.6  miles,  as  against  1.4  at  Brito. 

Having  described  the  note-worthy  permanent  structures  which 
ihe  Engineer  proposes,  we  find  that  they  are,  all  told,  eleven  in 
number,  viz. :  two  dams,  seven  locks;  one  jetty,  at  Greytown;  and 
one  break-water,  at  Brito,  which  latter  may  possibly  be  dispensed 
with. 

In  addition  to  these,  there  will  be  the  receiving  and  waste  weirs 
and  the  culverts  for  passing  the  waters  of  the  Tola  and  smaller 
streams  under  the  canal,  which  have  already  been  enumerated. 

As  to  the  resources  of  the  country  for  the  necessary  material 
required  in  their  construction,  the  following  statement  of  Mr. 
Menocal  is  quoted : 

Materials  of  Construction. 

On  the  western  side  of  the  lake  a  great  variety  of  excellent  construction  timber 
abounds  on  the  line  of  the  canal,  and  for  many  miles  to  the  north  and  south,  its  pres- 
ent market  value  but  slightly  exceeding  the  cost  of  cutting.  In  fact,  it  may  be  safely 
said  that  in  clearing  for  the  canal  more  timber  will  be  obtained  than  will  be  needed 
for  the  work.  The  valley  of  the  San  Juan  River  from  Toro  Rapids  to  the  San  Juan- 
illo,  including  the  valley  of  the  San  Francisco,  is  also  heavily  timbered;  the  virgin 
forests  having  never  been  disturbed  by  the  hand  of  man,  except  on  the  immediate 
river  banks,  where  a  few  wood  choppers  keep  the  river  boats  supplied  with  fuel.  Much 
of  this  timber  compares  favorably  in  the  most  important  characteristics  with  the  best 
in  the  markets  of  the  world,  and  its  durability,  both  when  exposed  to  the  weather  and 
when  under  ground  or  in  the  water,  has  been  fully  demonstrated  by  its  extensive  and 
varied  use  in  that  country  for  many  years.  From  Greytown  to  Lock  No.  1  (some  12 
miles),  heavy  timber  is  also  found  on  the  line  of  the  canal,  but  of  an  inferior  quality 
to  that  of  the  interior.    However,  for  temporary  structures  it  would  answer  as  well. 

No  large  quarries  have  been  opened  in  Nicaragua,  and  with  the  exception  of  a 
limited  number  of  coarse  sandstone  blocks  used  in  the  construction  of  some  public 
buildings,  dimension  stones  are  rarely  used.  Rubble  masonry  is  adopted  where  some- 
thing neater  and  more  substantial  than  adobe  is  desired,  while  bricks  are  seldom  seen 
except  in  floors.  A  superior  quality  of  lime,  as  evidenced  by  the  existence  to-day  in 
an  almost  perfect  state  of  preservation  of  indigo  vats  and  dams  over  a  hundred  years 
old,  can  be  had  at  several  places  dose  to  the  line  of  the  canal,  and  when  properly 
manufactured  there  is  no  question  but  that  it  will  prove  equal  if  not  superior  to  many 
cements  in  the  market. 

It  is  believed  that  large  blocks  of  granite  could  be  obtained  from  the  east  shore  of 
the  lake,  but  it  is  not  proposed  to  use  any  for  the  purposes  of  the  canal.  Concrete  is 
the  most  suitable  material  for  the  construction  of  the  locks  and  dam,  and  the  best  stone 
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for  this  purpose  (bard  trap)  is  found  on  the  line  of  the  canal,  and  its  cost  will  be  only 
that  of  transportation  from  the  excavations  through  the  divides. 

The  best  of  clean  sand  and  gravel  abounds  on  the  shores  of  the  lake,  in  the  bed  of 
the  Rio  Grande  in  the  Western  Division,  and  in  the  River  San  Juan,  from  the  mouth 
of  the  San  Carlos  to  Greytown;  while  suitable  clay  for  the  manufacture  of  bricks  is 
met  with  at  numerous  points  along  the  route. 

Dimensions  and  Capacity. 

In  estimating  the  capacity  of  the  Nicaragua  Canal,  a  compari- 
son of  its  proposed  dimensions  with  those  of  the  Suez  Canal,  and 
a  knowledge  of  the  time  of  transit  and  tonnage  which  can  pass 
through  the  latter  daily,  will  assist  us  to  a  correct  conclusion. 
It  has  been  found  that  the  Suez  Canal  is  unable  to  accommodate 
a  traffic  of  more  than  6,000,000  tons  per  year  without  serious  de- 
lays to  navigation,  owing  to  its  dimensions  and  insufficient  num- 
ber of  turnouts.  In  the  Nicaragua  project  not  only  have  enlarged 
prisms  been  estimated  for,  but  large  basins  have  been  provided 
at  the  extremities  of  each  lock,  where  vessels  can  wait  or  pass 
each  other  without  delay.  These  basins,  the  enlargement  of  the 
sea-sections,  with  the  lake,  the  river,  and  San  Francisco  Basin, 
will  permit  vessels  to  pass  without  delay  at  almost  any  point  on 
the  route.  There  are  only  12^^  miles  where  the  canal  prism  it- 
self is  not  sufficiently  large  for  vessels  to  pass,  and  this  distance 
is  not  continuous,  but  so  subdivided  that  the  largest  continuous 
section  is  but  3^^  miles,  and  with  but  two  exceptions  (the  cuts 
through  the  eastern  and  western  divides)  these  short  reaches  of 
confined  canal  are  situated  between  the  lock  basins,  and  can  be 
traversed  by  any  vessel  in  less  time  than  is  required  for  lockage, 
and  so  will  not  be  a  cause  of  delay. 

As  will  be  seen  from  the  following  table,  the  bottom  width  and 
the  depth  are  larger  throughout  than  in  the  Suez  Canal,  as  now 
constructed. 

In  addition  to  the  increased  dimensions,  provision  has  been 
made  for  lighting  the  entire  route,  so  as  to  permit  uninterrupted 
navigation  day  and  night,  and  thus  nearly  doubling  the  capac- 
ity, the  superabundance  of  water  power,  available  at  all  parts, 
rendering  the  use  of  electricity  on  a  grand  scale  for  this  purpose 
entirely  feasible  at  a  minimum  cost. 


Pfaila.,  1886,  V,  4.]  OroweU — Nicaragua  Ship  Caiud. 

Table  of  Compabative  Dimensions. 


887 


KlOAEAOVA  CAVAL. 

8usz  Caval. 

Bottom 
Width. 

Bnrface 
Width. 

Bottom 
Width. 

BnrfMO 
Width. 

Eock  Gate, 

80  ft. 

80  ft. 

Earth  Guts. 

80  ft. 
120  ft. 

184  ft. 

(  288  ft.  \ 
t  342  ft.  / 

f  1000  ft. 

72  ft. 
72  ft. 

190  ft 

XflTTniTiifcl  Oiitit.  .t.^itf... 

330  ft. 

Dredged  Channel  (in  San  Juan),    .   . 

125  ft. 

to 

1 2000  ft. 

Dredged  Channel  (in  lake),    .... 

160  fk. 

35  miles. 

72  ft. 

330  ft. 

Basins 

150  ft. 

210  ft. 

72  ft. 

330  ft, 

Depth  of  Water 

28  and  ^  ^aaIi. 

26   fAAt. 

Estimated  Time  of  Thkough  Transit. 

In  the  lake  and  the  larger  portion  of  the  San  Juan  River  ves- 
sels can  travel  as  fast  as  at  sea.  In  some  sections  of  the  river,  euad 
possibly  in  the  San  Francisco  Basin,  although  the  channel  is  at 
all  points  deep  and  of  considerable  width,  the  speed  may  be  some- 
what checked  by  curves. 

In  the  Suez  Canal  the  maximum  speed  of  all  vessels  is  fixed  at 
10  Kilometers  (5J  nautical  miles,  or  6^  statute  miles)  per  hour. 
During  the  year  1883,  3307  vessels  with  a  mean  gross  tonnage  of 
2435  tons,  and  a  mean  net  tonnage  of  1747  tons,  passed  through 
the  canal,  the  mean  average  eflfective  sailing  time  being  19J  hours, 
or  5^^  nautical  miles  per  hour.*  These  facts  show  conclusively 
that  vessels  of  4400  tons,  400  feet  long,  52  feet  beam  and  22  feet 
draught,  can  go  through  the  Suez  Canal  at  an  average  speed  of 
six  statute  miles  per  hour,  and  smaller  ones  at  6  to  8  miles  per 
hour,  and  the  experience  shows  that  the  actual  time  of  transit  is 
not  likely  to  exceed  these  figures. 


*  The  Uuited  States  steamship  ''Tennessee"  went  through  the  canal  in  1875, 
areraging  5.3  knots  (6.1  miles). 

The  United  States  steamship  "Swatara"  made  5  to  5J  knots  (5.76-6.61  miles).  The 
English  troop  ships,  4400  tons,  400  feet  long,  52  feet  beam  and  22  feet  draught,  make 
about  5  knots  (the  average  effective  sailing  time  for  49  voyages  being  17  hours).  The 
United  States  steamship  ''Marion*'  went  through  last  May,  making  7  to  9  knots. 
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With  this  reliable  data  the  probable  time  required  for  the 
transit  at  Nicaragua  can  be  closely  approximated,  and  it  will  be 
seen  that  the  following  estimate,  made  by  Mr.  Menocal,  is  within 
safe  limits. 

Estimated  Time. 

Miles.  H.  M. 

In  Canal  proper  (canal  and  basins, 

east  side   of  lake,   22.44  miles, 

west  side,  16.54  miles),        .        .  38.98  at  5  miles  pr.  hour,  7.48 

In  San  Francisco  Basin,         .        .    8.51"    7    "       "      "  1.14 

"  San  Juan  River,        .        .        .  64.54 "    8    "       "      "  8.04 

"  Lake  Nicaragua,                .        .  56.50 "  10    "       "      "  5.39 

Seven  locks  (45  minutes  each),       .    1.27  5.15 

Possible  detentions  in  narrow  cuts,           ....  2.00 

Total  distance,      .        .  169.8  Total  time,  30.00 

On  the  above  basis  of  45  minutes  for  lockage,  and  allowing 
but  one  vessel  per  lockage,  32  vessels  can  be  passed  per  day,  or 
11,680  per  year,  which,  with  the  average  net  tonnage  at  Suez, 
gives  a  yearly  capacity  of  20,000,000  tons. 

As  to  the  rain-fall,  water  supply  and  quantity  required  for 
lockage,  there  is  fortunately  not  the  slightest  uncertainty,  for,  as 
will  be  seen  from  the  following  resume,  what  is  required  is  less 
than  -^  part  of  the  mean  flow  or  |  part  of  the  minimum  daily 
flow. 

Water  Supply. 

Lake  Nicaragua  has  a  surface  area  of  about  2,600  square  miles,  and  a  water  shed  of 
not  less  than  8,000  square  miles. 

Careful  gauges  of  the  San  Juan  River,  at  its  lowest  stage,  between  the  lake  and 
Toro  Bapids,  taken  in  1873,  showed  a  minimum  flow  of  11,390  cubic  ft.  per  second. 
Colonel  Childs  estimated  the  discharge  with  full  lake  in  the  rainv  season  as  18,059 
cubic  it.  per  second,  which  gives  a  mean  flow  of  14,724  cubic  ft.  per  second,  or 
1,272,153,600  cubic  fl.  per  day. 

Cable  feet. 

Water  required  for  one  lockage.  East  side, 2,580,305 

Water  required  for  one  lockage,  West  side, 1,465,944 

Total,  both  sides, 4,046,249 

32 

Water  required  for  32  double  lockages  per  day, 129,479,968 

Daily  excess  of  lake  supply, 1,142,673,632 
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To  the  latter  amoant  is  to  be  added  the  flow  of  the  Beveral  tributaries  of  the  San 
Juan  Biyer  between  the  lake  and  the  dam,  and  also  the  San  Frandsoo  and  its  tribo^ 
taries,  which  will  more  than  compensate  for  leakage  and  eyaporation,  though  the  latter 
need  not  be  proyided  for,  it  being  well  known  that  in  those  latitudes  the  condensation 
during  the  night  fully  compensates  for  the  eyai>oration  during  the  day. 

Estimates. 

The  estimate  of  cost  of  the  canal  has  been  prepared  after  careful  computations  of 
all  the  works  required  for  its  completion,  with  its  accessories,  from  data  obtained  by 
an  actual  location.  The  prices  which  serye  as  a  basis  for  the  estimate,  haye  been  fixed 
with  a  thorough  knowledge,  and  after  careful  weighing  of  all  the  drawbacks,  dis- 
adyantages  and  tendency  to  increased  cost  incident  to  work  in  general  in  that  region 
and  their  effect  upon  this  work  in  particular,  and  it  is  oon^dently  belieyed  that  with 
an  able  and  intelligent  management  of  the  work  they  will,  in  eyeiy  instance,  be  amply 
large. 

Though  the  length  of  the  line  from  sea  to  sea  has  been  reduced  11.46  miles,  the 
length  of  canal  proper  reduced,  21.44  miles,  and  the  number  of  locks  from  twenty-one, 
as  proposed  by  the  United  States  Suryeying  Expedition  of  1872-73,  and  eleyen  sa 
proposed  by  Mr.  Menocal,  in  1880,  to  seyen;  the  enlargement  of  the  locks,  and  the 
prism  of  the  canal,  the  change  in  the  terminal  sections,  and  the  numerous  improye- 
ments  and  additions,  make  the  total  cost  nearly  the  same  as  that  proposed  in  1872-73. 
The  constant  object  has  been  to  proyide  for  a  canal  which  shall  permit  the  passage  of 
the  largest  ships  now  engaged  in  the  commerce  of  the  world,  and  a  traffic  of  not  less 
than  12,000,000  tons  per  year  without  restriction,  rather  than  for  the  sake  of  economy 
in  first  cost  propose  what  experience  at  Suez  has  proyed  to  be  inadequate. 

A  more  detailed  suryey  may  show  where  changes  in  the  details  can  be  made  in  the 
interest  of  economy ;  but  it  is  belieyed  that  the  general  location  of  the  line  cannot  be 
greatly  improyed  upon. 

The  work  can  be  completed  in  six  years,  one  of  which  would  be  spent  in  suryeys 
and  the  necessary  preparations  for  actiye  operations. 

Table  of  Pbiges. 

Excayation  in  earth, .40  per  cubic  yard. 

Excayation  in  rock,      $1.50  per  cubic  yard* 

Excayation  in  rock  (sub-marine), 5.00  per  cubic  yard. 

Dredging, .20  and  .40  per  cubic  yard. 

Concrete, $6.00  and  $9.00  per  cubic  yard. 

Stone  pitching, $2.00  per  cubic  yard. 

Stone  in  breakwaters, 1.50  per  cubic  yard. 

Puddle,      .75  per  cubic  yard. 

Timber, .50  per  cubic  foot. 

Western  Division: — 

Excayation  and  embankment, $  8,486,292 

Diyersion  of  Rio  Grande  and  Rio  Lajas,     1,870,447 

Other  auxiliary  work,  including  railroad, 753,329 

Locks  (four), 4,762,480 

Harbor  of  Brito, 1,611,500 

Total, 117,484,048 
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Middle  Dimaion — 

Lake  Nicaragua, $    379,520 

Biver  San  Juan, 3,074,791 

Valley  of  River  San  Frandflco, 1,112,413 

Dam  acrofls  Bivmr  San  Juan,      1,858,975 

Embankment  acrofls  Biver  San  Frandsoo,      1,331,262 

Embankment  near  Ochoa, 45,578 

Railroad, 240,000 

Total, $  8,042,539 

Eouiem  Dwinon: — 

The  "Divide," $11,982,938 

From  the  "Divide"  to  Greytown, 8,077,294 

Locks  (three), •    .   .  3,561,515 

Railroad, 320,000 

Harbor  of  Greytown,  . 1,766,625 

Total, 125,708,372 

RECAPrrUIiATION. 

Western  division, $17,484,048 

Middle  division, 8,042,539 

Eastern  division, 25,708,372 

Total, $51,234,959 

Surveys,  hospitals,  shops,  etc. ;  management  and  contingencies,  25  pr.  cent.      12,808,740 

Grand  total, $64^043,699 

Estimated  cost  of  canal,  location  of  1872-73  (25  per  cent,  for  contingen- 
cies included),  65,722,147 

Estimated  cost  of  canal,  location  of  1885  on  basis  of  prisms  and  prices 

adopted  in  187^73  (25  per  cent,  for  contingencies  included),     .  48,800,167 

Difference  in  favor  of  present  location, $16,921,980 

Note. — ^The  estimates  of  cost  and  the  detailed  information  printed  in  brevier  are 
official,  and  are  reprinted  from  an  article  in  the  American  Engineer  of  November 
26th,  1885. 
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XXIII. 

A  PRACTICAL  TEST  TO  OPERATE  A  DISTANT  SIGNAL  BY 
A  WIRE  RUN  THROUGH  A  PIPE  FILLED  WITH  OIL. 

ff 

By  Wm.  H.  Dechavt,  Active  Member  of  the  Club. 

Bead  March  QA,  1886. 

DuBiNG  last  September,  a  distant  signal  was  required  to  pro- 
tect a  new  crossing  over  the  Little  Schuylkill  Branch  of  the 
Philadelphia  &  Reading  R.  R.,  between  East  Mahanoy  Junction 
and  Tamanend.  The  distance  from  the  operating  office  to  the 
semaphore  signal  post  is  1100  feet,  and  is  partway  along  a  4  and 
a  6  degree  curve. 

Instead  of  leading  the  wire  through  a  long  wooden  box,  sup- 
ported on  small  pulleys,  as  is  usually  done,  above  the  surface  of 
the  ground,  it  was  decided  to  try  the  experiment  of  running  the 
wire  through  a  pipe  filled  with  oil,  buried  below  the  surface  of  the 
ground,  A  trench,  averaging  fifteen  inches  in  depth,  was  dug 
along  a  carefully  laid  out  line;  stakes  eight  feet  apart  were  driven 
along  the  bottom  of  this  trench,  so  that  their  tops  should  come  to 
a  uniform  grade  line,  which,  in  this  case,  was  about  66  feet  per 
mile;  upon  the  tops  of  these  stakes  the  |  inch  galvanized  iron 
pipe  was  fastened,  so  as  to  hold  it  in  as  true  a  position  as  possible. 

A  number  15  iron  wire  was  strung  through  each  piece  of  pipe 
as  they  were  screwed  together,  so  that  it  might  be  used  to  draw 
the  signal  wire  through  the  pipe  line  after  it  was  all  laid.  The 
pipes  were  all  carefully  examined  and  cleaned ;  a  number  had 
to  be  rejected  on  account  of  lumps  of  iron  or  galvanizing  material 
obstructing  the  bore  of  the  pipe.  After  the  pipe  was  all  laid,  the 
^  inch  iron  signal  wire  was  stretched  out  with  block  and  tackle 
to  straighten  it  and  take  out  all  the  short  kinks,  and  it  was  then 
pulled  through  into  its  proper  position  in  the  pipe  by  the  smaller 
wire  that  had  been  strung  through  during  the  laying  of  the  pipe; 
a  small  brass  stuffing-box  was  screwed  to  each  end  of  the  pipe, 
through,  which  the  ends  of  the  leading  wire  were  passed.  These 
stuffing-boxes  prevent  the  escape  of  the  oil.  The  ends  of  the 
pipe  being  thus  closed  up,  it  was  filled  with  common  car  lubri- 
cating oil,  mixed  with  about  one-quarter  part  of  refined  coal  oil. 
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to  keep  it  from  thickening  in  cold  weather.  The  filling  was  done 
through  a  short  upright  branch  pipe,  attached  at  the  highest  end 
of  the  pipe. 

The  lever  by  which  the  distant  signal  is  operated  at  the  signal 
office,  by  the  same  movement  turns  four  signal  boards  on  the 
tower;  and  during  the  summer  the  usual  counterbalance  on  the 
semaphore  signal  post,  adjusted  to  exert  its  least  weight,  would 
operate  the  arm  on  the  signal  post  and  revolve  the  signal  boards 
on  the  tower;  during  the  colder  weather  the  lubrication  is  pos- 
sibly slightly  stiffened,  so  that  this  same  counterbalance  barely 
turns  the  signal  boards  in  the  tower,  and  must  have  slight 
assistance. 

The  experiment  has  proved  very  successful  thus  far  in  the 
severe  weather  of  this  winter,  and  the  apparatus  has  required  no 
attention  since  being  placed  in  position. 

The  apparent  advantages  of  this  plan  are : 

1.  A  very  permanent  and  lasting  arrangement. 

2.  Freedom  from  disturbance  or  accident  to  the  signal  wire. 

3.  Entire  freedom  from  the  difficulties  caused  by  expansion, 
if  the  pipe  is  laid  below  the  frost  line ;  and  subjection  to  but  slight 
changes  caused  by  change  of  temperature,  if  laid  only  one  foot 
under  ground. 

4.  Obviating  the  necessity  to  provide  angle  fixtures  to  change 
the  direction  of  the  wire  around  curves. 

The  difference  in  cost  of  materials  per  100  feet  is  but  a  trifle; 
being  $5.38  for  the  pipe  plan,  and  $5.42  for  the  wooden  box  plan. 
The  difference  in  labor  would  depend  upon  the  character  of  the 
ground,  but  in  most  cases  it  would  be  nearly  the  same. 


XXIV. 

THE  STEEL  RAIL  DISCUSSION. 

BtF.il  Lewis,  Active  Member  of  the  Club. 
R4xd  March  20(A»  1886. 

During  the  past  year,  at  least  two  prominent  Western  railroads 
have  made  vigorous  protests  to  the  steel  rail  manufacturers  in 
regard  to  the  wearing  qualities  of  the  rails  they  were  receiving. 
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The  charge  was  that  the  rails  crushed  out  at  the  ends,  and  spread 
out  on  the  sides,  after  a  very  short  term  of  service. 

To  emphasize  the  matter,  this  complaint  was  specifically  made 
against  the  product  of  the  last  few  years ;  older  rails  standing  up 
to  the  traffic  very  satisfactorily.  For  the  matter  of  that,  however, 
new  rails  always  do  wear  rapidly,  until  they  are  worn  to  a  full 
bearing  under  the  wheels,  so  that  there  is  no  conclusive  proof 
that  the  new  rails  were  inferior  to  the  older  ones.  The  weight  of 
traffic  has  increased  very  much  in  the  last  few  years,  and  the  older 
rails  were  not  subjected  to  such  duty  at  the  outset. 

There  can  be  no  question,  however,  that  the  complaint  against 
the  rails  had  abundant  foundation  in  fact.  Both  the  railroads 
in  question  have  taken  decisive  measures  to  remedy  the  trouble, 
and  the  mills  have  generally  given  the  matter  consideration. 

In  the  technical  press  there  has  been  a  wide  range  of  comment, 
and  a  thorough  ventilation  of  the  whole  subject.  The  fact  that 
these  complaints  appeared  at  the  time  when  rails  were  cheaper 
than  ever  before,  has  not  been  overlooked.  One  journal  of  wide 
popular  circulation  went  so  far  as  to  say  that  the  demand  for 
cheap  rails  had  led  the  mills  to  produce  rails  with  a  large  per- 
centage of  ashes  and  slag  in  their  composition. 

To  cheapen  a  product  is  always  a  legitimate  field  of  endeavor, 
and  the  manufacture  of  rail  steel  has  undoubtedly  been  modified 
with  this  intent.  Whether  the  changes  have  been  advantageous 
or  not,  is  a  matter  for  the  railroads  to  determine,  and  not  for 
the  mills.  The  railroads  undoubtedly  get  all  they  pay  for,  and 
I  hold  there  is  no  conclusive  proof  that  they  do  not  get  as  good 
rails  as  they  ever  did. 

The  cardinal  point  in  the  whole  matter  is  that  the  rolling 
stock  has  increased  in  weight  beyond  the  strength  of  the  rails, 
and  the  problem  is  to  produce  rails  which  will  carry  the  rolling 
stock ;  and  it  is  the  object  of  this  paper,  not  so  much  to  answer 
this  question,  as  to  show  what  resources  the  manufacturer  has  at 
his  command  to  aflFect  the  quality  of  his  rails. 

We  hear  a  great  deal  about  "hard"  steel  and  "soft"  steel,  and 
we  have  heard  of  steel  which  is  "  chemically  hard  and  physically 
soft."  I  wish  to  maintain  at  the  outset  that  "hard"  or  "soft," 
as  applied  to  rails,  is  a  chemical  quality  and  not  a  physical 
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quality;  and  I  do  this  advisedly,  holding  that  the  physical 
quality  desired  in  rails  is  not  the  "hardness"  of  cast  iron  as  dis- 
tinguished  from  wrought  iron,  but  the  greater  strength  or  cohe- 
sion, as  shown  by  a  tensile  strain;  and  this  physical  strength  or 
cohesion  in  a  piece  of  steel  is  measurably  independent  of  the 
chemical  composition.  It  depends  on  an  entirely  different  mat- 
ter, insomuch  that  you  can  give  the  same  piece  of  steel  widely 
different  tensile  strengths.  The  cohesion  of  a  piece  of  steel  de- 
pends upon  the  amount  of  work  which  is  put  into  it. 

An  ingot  of  rail  steel  is  12  inches  in  diameter,  porous  through 
the  middle  and  on  the  outside  surface.  The  metal  is  white  and 
crystalline,  and  has  little  tensile  strength  or  ductility.  The  ingot 
is  rolled  down  in  a  blooming  train  to  7  inches  square,  re- 
heated, and  put  into  the  rail  train.  After  eleven  passes  of  the 
rolls,  it  issues  at  a  bright  red  heat,  finished  to  the  rail  section.  A 
specimen,  cut  from  the  finished  rail,  will  show  a  tensile  strength 
probably  less  than  80,000  lbs.  per  square  inch.  If  this  steel 
had  been  rolled  into  plates  or  angles,  it  would  have  shown  a 
tensile  strength  of  100,000  lbs.  If  the  rail  had  been  finished  at 
a  lower  temperature,  it  would  have  been  stronger.  If  in  any 
way  more  work  had  been  put  into  the  steel,  the  rail  would  have 
developed  more  strength. 

The  ordinary  manufacture  of  rails  develops  the  strength  of  the 
steel  to  a  moderate  degree  only,  while  there  are  at  command  a 
number  of  ways  of  putting  more  work  into  the  rails. 

Chemically  we  are  using  a  manganese  steel  for  rails;  a  steel 
which  (excluding  carbon)  has  a  higher  percentage  of  impurities 
than  steel  for  any  other  purpose.  The  Bessemer  process  is  not 
adapted  to  removing  impurities  from  the  metal,  and  it  has  not 
been  considered  necessary  to  use  better  metal  than  the  Bessemer 
converter  will  produce  from  haemitite  pig  iron.  By  varjang  the 
percentage  of  impurities,  rails  may  be  given  physical  qualities 
varying  from  a  tensile  strength  of  60,000  lbs.  with  25  per  cent, 
stretch,  to  100,000  lbs.  with  less  than  5  per  cent,  stretch. 

Practically  in  the  rail  mills  of  this  country  the  qualities  of  the 
rails  are  modified  solely  by  changes  in  the  chemical  composition ; 
the  physical  treatment  is  the  same.  Such  being  the  case,  an 
endeavor  will  of  course  be  made  to  find  a  remedy  for  the  re- 
cent failures  by  means  of  chemical  changes  in  the  steel. 
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Mr.  C.  P.  Sandberg,  the  English  inspecting  engineer,  has  re- 
cently advocated  this  in  a  paper  read  before  the  British  Institu- 
tion; a  paper  avowedly  called  forth  by  the  failures  of  rails  in 
this  country,  as  rehearsed  at  the  outset  of  this  paper.  He  pro- 
poses a  harder  rail,  and  a  heavier  section  to  make  it  safe  from 
fracture.  There  is  nothing  novel  in  the  suggestion.  It  can  be 
done  in  any  mill  without  an  hour's  delay,  or  a  dollar's  expense, 
and  must  be  adopted  for  the  time  being,  to  remedy  crushed 
rail  ends. 

But  where  is  this  hardening  of  rails  going  to  end?  TraflSc 
and  the  weight  of  rolling  stock  increases  with  every  decade,  and 
it  is  pertinent  to  ask  if  this  hardening  of  rails  must  keep  pace 
with  these  things.  Each  increase  in  the  hardening  elements  de- 
creases the  toughness  of  the  steel,  and  increases  the  chances  of 
broken  rails.  To  increase  the  weight  of  the  section,  affords  per- 
haps a  remedy  for  this,  but  at  an  immediate  increase  in  first  cost. 
We  have  good  reason  for  thinking  also  that  every  decrease  in 
toughness  decreases  the  wearing  power  of  the  metal.  The  idea 
that  hardened  steel  is  the  best  to  resist  wear  or  attrition,  has 
been  pretty  thoroughly  exploded.  There  is  abundance  of  ex- 
perimental and  practical  evidence,  showing  that  the  best  steel  for 
wear  is  the  steel  which  carries  its  strength  with  the  least  loss  of 
ductility. 

It  is  morally  certain  that  the  entire  question  will  come  up  for 
investigation,  and  that  the  working  of  the  metal  will  receive 
quite  as  much  attention  as  its  chemical  composition. 

The  annual  rail  bill  of  $35,000,000  is  too  large  an  item  to 
escape  the  attention  of  railway  economists.  Proof  will  certainly 
be  demanded  that  the  money  is  expended  to  the  least  advantage. 
Much  old  straw  will  be  threshed  over. 

And  it  is  the  confident  belief  of  the  present  writer,  that  the 
improvements  in  steel  making  in  the  immediate  future  will  be 
in  the  direction  of  heavy  forging,  a  better  working  and  develop- 
ment of  the  material. 
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TABLE  OF  CHAINS  EXPRESSED  IN  FEET. 

November  7th,  1885. 


Chs.'  Feet. 


1 

2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 


66 
132 
198 
264 
330 

396 
462 
528 
594 
660 

726 
792 
858 
924 
990 

16 1056 
171122 
181188 
191254 
20|  1320 

211886 
221452 
23:i518 
24 1584 
25!  1650 


Chs.  Feet. 


26 1716 
2711782 
28 1848 
29 1914 
30. 1980 

312046 
32:2112 
332178 
342244 
35|  2310 

362376 
37|2442 
382508 
39;2574 
40,2640 

41 2706 
422772 
43  2838 
442904 
45|  2970 

463036 
473102 
483168 
493234 
50,3300 


Chi. 


Feet. 


51 3366 

52  3432 

53  3498 

54  3564 
55,3630 


563696 
57  3762 
583828 
593894 
60  3960 


61 


4026 


624092 


63 
64 
65 


4158 
4224 
4290 


664356 
67:4422 

68:4488 
694554 


70 


4620 


71 4686 
724752 
734818 
7414884 
7514950 


Chs. 


Feet. 


765016 
77^5082 
78'5148 
79  5214 


80 

81 
82 
83 


5280 

5346 
5412 
5478 
845544 
85|  5610 

865676 
875742 
88,5808 
895874 


90 


5940 


91 6006 
926072 
93  6138 
946204 


95 


6270 


966336 
976402 
986468 
996534 
100  6600 


Chs. 


Feet. 


101 6666 
102  6732 
1036798 
104  6864 
10516930 

106:6996 
107|7062 
108  7128 
1097194 
110: 7260 

11117326 
11217392 


113 

114 

115 

116 


7458 
7524 
7590 

7656 


1177722 
1187788 
1197854 
120  7920 

1217986 
1228052 
1238118 
1248184 
125  8250 


Chit.;  Feet. 


126 
127 
128 


8316 
8382 
8448 


129,8514 
130  8580 


131 
132 
133 


8646 
8712 
8778 


134  8844 

135  8910 

136'8976 
137  9042 
1389108 
1399174 
140  9240 

141 9306 
14219372 
143|9438 
1449504 
145  9570 

1469636 
147,9702 
148:9768 
149:9834 
15019900 


ExAHPLGB. — Given,  78  chains  93  linka. 
78  chains  (from  the  table),      .    .    5148. 
93  links  (from  the  table)  93-5-100       61.38 

78.93  chains  =  5209:38  feet. 
Given,  967  chains. 

900  chains  (90X10),      .    .    59400 
67  chains, 4422 

"S3822  feet 
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ABSTRACT  OF  MINUTES  OF  MEETINGS. 


Of  the  Club. 

October  17th,  1885. — Regular  Meeting. — This  was  the  first 
meeting  of  the  Club  in  its  New  House,  No.  1122  Girard  Street. 
President  J.  J.  de  Kinder  in  the  chair,  62  members  and  4  visitors 
present.  In  opening  the  meeting,  President  de  Kinder  oflFered  a 
few  words  of  welcome  and  congratulation  to  the  Club,  and  asked 
that  additional  interest  be  taken  in  completing  the  appointments 
of  our  very  pleasant  quarters. 

The  Secretary  announced  that  the  alterations  to  the  building, 
the  finish  and  the  furnishing,  had  been  executed  under  the  profes- 
sional direction  of  Mr.  T.  Roney  Williamson,  Architect,  Member 
of  the  Club,  who  had  not  only  consented  to  volunteer  this  service, 
but  had  given  personal  and  careful  attention  to  every  detail — so 
that  we  had  been  enabled  to  expend  the  available  funds  to  the 
best  advantage.  A  Committee,  consisting  of  Messrs.  See,  Graff 
and  Marshall,  was,  on  motion,  appointed  by  the  President  to  ex- 
press to  Mr.  Williamson  our  appreciation  of  his  services. 

The  Secretary  presented,  for  Mr.  P.  F.  Brendlinger,  an  illustra- 
ted description  of  a  novel  and  cheap  Cement  Testing  Machine. 

Mr.  John  T.  Boyd  presented  an  illustrated  description  of  the 
"Coventry"  Locomotive  Boiler. 

The  Secretary  presented,  for  Mr.  Walter  C.  Brooke,  a  descrip- 
tion of  appliances  for  Landing  Mine  Cars  at  the  Top  of  Slope. 

Mr.  A.  Marichal,  visitor,  exhibited  and  described  an  instru- 
ment for  at  once  describing  arcs,  of  any  radii  from  a  few  inches 
to  infinity,  and  for  determining  the  radii  of  arcs  already  drawn. 
It  operates  upon  the  general  principle  that  all  angles  inscribed 
in  the  same  segment  are  equal,  and  it  is  adjusted  or  read  by 
means  of  graduations. 

Mr.  T.  M.  Cleemann,  on  behalf  of  Mr.  W.  W.  Evans,  of  New 
Rochelle,  N.  Y.,  presented  a  small  box,  made  of  W^hite  Oak  from 
Delaware  River  Bridge  at  Trenton,  N.  J.,  built  in  1803;  replaced 
by  an  iron  bridge  in  1875;  in  constant  service  for  72  years,  and 
as  a  railway  bridge  for  30  years. 

A  copy  of  the  first  edition  of  the  American  Engineering  Register 
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was  presented  by  the  author,  Prof.  L.  M.  Haupt.  It  is  a  work  of 
518  pages,  containing  rules,  tables  and  formulsB,  and  the  names, 
addresses,  occupations,  etc.,  of  all  classes  of  engineers,  and  a  list 
of  railroads  and  their  officials.  It  has  already  met  with  very 
flattering  notices  from  the  technical  reviewers.  In  presenting  it, 
the  author  read  some  extracts  from  its  pages,  in  behalf  of  a  more 
general  recognition  of  the  services  of  the  profession  by  the  public, 
and  made  some  comments  on  the  eflFects  of  engineering  works  in 
promoting  the  general  welfare  of  any  community. 

The  Secretary  presented,  for  Mr.  P.  T.  Osborne,  a  copy  of  Vol. 
I  of  Select  Plana  of  Engineering  Structures  far  Railroads  and  High- 
waySj  by  Mr.  Richard  B.  Osborne,  C.E.  It  contains  full  general 
and  working  drawings,  with  bills  of  quantities  and  detailed  costs, 
of  a  large  number  of  actually  executed  structures,  giving  it  a 
value  which  will  be  highly  appreciated  among  practical  engi- 
neers. 

The  Secretary  announced  that  a  Committee  of  the  Civil  Engi- 
neers' Club  of  Cleveland  desired  that  this  Club  participate  in  joint 
action  with  their  and  other  Societies  for  the  purpose  "  of  obtain- 
ing the  passage,  of  new  laws  which  shall  provide  for  the  better 
condition  of  Civil  Engineers  employed  on  Government  works, 
other  than  n\ilitary.''  Not  being  a  business  meeting,  no  action 
could  be  taken,  but  the  matter  was,  by  informal  vote,  referred  to 
the  Board  of  Directors. 

The  Secretary  reported  that  the  assessment  of  a  considerable 
amount  of  customs  duty  upon  books  presented  to  us  by  the  British 
Government,  had  been  made  the  occasion  for  a  determined  fight 
for  our  heretofore  disputed  right  to  free  entry.  After  unlimited 
affidavits,  blanks,  bills,  bond  and  other  documents,  including 
"Hospital  dues"  (on  Abridgments  of  Specifications  of  British 
Patents!)  in  getting  it  there,  the  appeal  to  the  Secretary  of  the 
Treasury  met  with  prompt  and  fair  consideration.  We  are  now, 
officially,  "a  Society  established  for  philosophical  purposes,  and 
entitled  to  the  benefits  conferred  by  the  provision  of  the  law  above 
quoted."    (Free  List.) 

November,  7th,  1885. — Business  Meeting. — Past  President 
Henry  G.  Morris  in  the  chair;  45  members  and  4  visitors  present. 
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Messrs.  Louis  C.  Madeira,  Jr.,  and  C.  Frederick  Moore,  the 
Tellers  of  Election,  reported  that  the  proposed  Amendment  to 
Article  IV  of  the  Constitution  was  not  adopted;  and  that  the  fol- 
lowing gentlemen  were  elected  Active  Members  of  the  Club: 
Messrs.  Joseph  B.  King,  John  W.  Campbell,  Col.  Wm.  P.  Craig- 
hill,  R.  R.  Bridgers,  Jr.,  George  E.  Datesman,  Allan  Cox,  Henry 
E.  Tripler,  J.  H.  Covode,  John  Wilson,  Pedro  G.  Salom,  Theo. 
Low,  Jacob  B.  Rohrer,  Emile  Low,  Sutherland  M.  Prevost,  and 
Chas.  S.  Churchill. 

The  Secretary  read  extracts  from  various  communications  from 
Mr.  Wm.  T.  Blunt,  Secretary  of  Committee  of  Civil  Engineers' 
Club  of  Cleveland,  relative  to  the  proposed  Convention  of  repre- 
sentatives of  the  Engineering  Societies  at  Cleveland,  December 
3d  to  5th,  1885,  "to  consider  and  report  what  action,  if  any,  is 
advisable  in  the  matter  of  obtaining  the  passage  of  new  laws 
which  shall  provide  for  the  better  condition  of  Civil  Engineers 
employed  on  Government  Works,  other  than  Military."  In  re- 
sponse to  the  invitation  to  the  Club  to  send  a  representative  to 
this  Convention,  the  Secretary  nominated  Mr.  E.  L.  Corthell,  who 
was  unanimously  elected  by  the  meeting. 

The  Secretary  presented  an  informal  report  of  progress  in  the 
completion  of  the  furnishing,  etc.,  of  the  New  House. 

Mr.  Horace  See,  Chairman  of  Committee  appointed  to  convey 
to  Mr.  T.  Roney  Williamson,  Architect,  Member  of  the  Club,  the 
thanks  of  the  Club  for  his  professional  services,  presented  the  fol- 
lowing communication  to  Mr.  Williamson  for  approval,  which, 
on  motion  of  the  Secretary,  was  heartily  endorsed  by  unanimous 
vote. 

Philadelphia,  November  7th,  1885. 
Mb.  T.  Roney  Williamson,  Architect. 

Dear  Sib — The  Engineers'  Club  of  Philadelphia  at  its  last  meeting,  Oct.  17th, 
appointed  the  undersigned  a  Committee  to  express  to  you  its  appreciation  of  jour  ser- 
vices during  the  alteration  of  the  House,  wherein  you  have  shown  such  good  judgment 
and  taste. 

On  its  behalf  we  wish  to  thank  you  for  the  Buccessful  manner  in  which  the  various 
details  have  been  carried  out  to  make  it  both  convenient  and  comfortable.  Also  for 
the  generottity  displayed  in  volunteering  your  time,  much  of  which  must  have  been 
taken  up  in  supervising  the  alterations,  in  purchasing  the  different  articles,  and  in  see- 
ing to  your  plans  being  properly  carrietl  out. 

Very  rcHpectfully,  Horace  See, 

Frederic  Gbaff, 
Samuel  R.  Marshall. 
VOL.  V. — 23. 
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Mr.  F.  H.  Bowen,  Jr.,  presented  a  description  of  the  Albo-Car- 
bon  Light 

Mr.  James  Christie  presented  a  paper  upon  the  Adaptation  of 
Steel  to  Structural  Work. 

The  Secretary  presented,  for  Mr.  H.  W.  Clarke,  a  Table  of 
Chains,  Reduced  to  Feet,  for  the  Reference  Book. 

Mr.  Rudolph  Hering  read  some  interesting  extracts  from  a 
Report  of  a  Committee  of  the  City  Councils  of  Philadelphia,  made 
in  1801,  on  the  first  works  built  to  supply  the  city  with  w^ater 
from  the  Schuylkill  River,  the  Pumping  Station  of  which  was  at 
Centre  Square,  on  the  site  of  the  present  City  Hall. 

Mr.  Henry  G.  Morris  exhibited  a  fine  specimen  of  a  copy  of 
tracing  in  Blue  Lines  on  White  Ground. 

Mr.  Wilfred  Lewis  moved  that  it  be  the  sense  of  the  Meeting 
that  smoking  be  prohibited  in  the  meeting  room  during  sessions. 
Mr.  C.  A.  Ashburner  offered  as  an  amendment  that  the  question 
be  referred  to  the  House  Committee.  The  motion,  as  amended, 
was  carried.  The  sense  of  the  meeting  was  then  taken  by  a  stand- 
ing vote  with  the  following  result:  In  favor  of  smoking  being 
permitted,  14;  against  smoking  being  permitted,  9. 

November  21st,  1885. — Regular  Meeting. — Past  President  Ru- 
dolph Hering  in  the  chair;  60  members  and  4  visitors  present. 

The  Secretary  presented,  for  Mr.  W.  S.  Church,  a  large  number 
of  photographs,  tracing,  pamphlets  and  other  documents,  illustra- 
ting the  design  and  progress  of  the  New  Croton  Aqueduct,  and 
read  two  communications  from  Mr.  Church. 

Mr.  Jno.  S.  Elliott  presented  a  paper  on  Specifications  as  Affect- 
ing the  Dimensions  of  Iron  R.  R.  Bridges. 

A  discussion  followed  upon  the  paper  of  Mr.  James  Christie, 
upon  the  Adaptation  of  Steel  to  Structural  Work,  by  Mr.  Thos. 
M.  Cleemann,  the  Author  and  Prof.  Wm.  H.  Burr. 

Mr.  Geo.  S.  Strong  presented  an  illustrated  description  of  Rack 
Rail  Appliances  for  railroads  with  very  heavy  grades. 

Mr.  J.  Foster  Crowell  presented  an  illustrated  paper  upon  Ma- 
sonrv  Arches. 

Mr.  A.  R.  Roberts  exhibited  and  described  an  appliance  for 
Fastening  the  Floor  Timbers  of  Highway  Bridges. 
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Mr.  Henry  G.  Morris  introduced  Mr.  P.  Oestburg,  who  exhibited 
specimens  of  and  described  the  Mitis  Metal  Castings. 

Mr.  Wm.  H.  Dechant  presented  a  description  of  a  Movable 
Dam  and  Caisson  Operating  Truck,  illustrated  by  a  small  model 
and  lithographs. 

The  Secretary  announced  the  death  of  our  fellow-member,  Mr. 
Dwight  Edward  Pierce,  and  Mr.  M.  W.  Rudderow  presented  a 
narrative  of  his  experience  and  achievements,  as  a  Memorial  for 
publication  in  the  Proceedings. 

December  5th,  1885. — Business  Meeting. — President  J.  J.  de 
Kinder  in  the  chair;  35  members  and  1  visitor  present. 

The  Tellers  of  Election,  Messrs.  John  T.  Boyd  and  E.  S.  Hut- 
chinson,  reported  that  114  ballots  were  cast,  and  that  the  follow- 
ing candidates  were  elected  Members  of  the  Club.  Active:  Messrs. 
E.  B.  Wingate,  Henry  C.  Zacharias,  Louis  G.  Laureau,  Fred.  W. 
Gordon,  W.  M.  Patton,  Victor  0.  Strobel,  A.  Saunders  Morris,  A. 
B.  Broomell,  Howard  Wood,  Wm.  F.  Mencke,  and  Lewis  N. 
Lukens.  Associate:  Messrs.  Frank  K.  Esherick,  and  L.  Frank 
Gordon. 

Messrs.  Rudolph  Hering  and  Henry  G.  Morris  were  announced 
as  the  House  Committee  of  the  Board  of  Directors,  under  the  new 
By-Laws.  They  reported  that  they  had  considered  the  question 
of  smoking  being  permitted  at  the  Club  meetings,  which  was  re- 
ferred to  them  by  the  Nov.  7th  meeting,  and  recommended  that 
the  question  be  referred  to  a  letter  ballot  by  the  Club,  which  rec- 
ommendation was  adopted. 

The  Secretary  presented  circulars  from  Committees  of  the  En- 
gineers' Club  of  St.  Louis  and  the  Civil  Engineers'  Club  of  Cleve- 
land, with  regard  to  the  Convention  to  consider  the  status  of 
Civil  Engineers  in  the  Government  service — but  no  action  was 
taken  thereon,  as  the  Club  had  already  elected  a  delegate  to  rep- 
resent it  at  the  Convention. 

The  Secretary  presented  a  communication  from  Mr.  W.  H. 
Ridgway,  recommending  that  any  professional  question  which 
might  arise  in  the  experience  of  any  Member,  be  presented  to  a 
Committee  of  the  Club,  and  referred,  for  solution  or  answer,  by 
that  Committee  to  some  Member,  whom  the  Committee  considered 
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to  be  experienced  in  the  specialty  to  which  it  referred.  No  ob- 
jection was  offered  to  the  adoption  of  such  a  measure,  but  no 
action  was  taken. 

Officers,  to  serve  during  1886,  were  nominated. 

Mr.  John  T.  Boyd,  for  Mr.  Washington  Jones,  presented  to  the 
Club,  and  described,  some  specimens  of  Artificial  Fuel  made  in 
Belgium. 

Mr.  Boyd  also  desired  to  make  an  acknowledgment  of  his  in- 
debtedness to  Messrs.  Elliott  Brothers,  opticians,  of  London,  Eng- 
land, and  Mr.  A.  Amsler,  the  inventor,  for  information  of  value 
in  regard  to  the  correct  methods  of  working  the  Polar  Planimeter, 
which  they  very  kindly  sent  him,  and  which  he  is  now  arrang- 
ing in  a  convenient  form  for  the  Club  Reference  Book.  Mr. 
Boyd's  correspondence  was  with  Messrs.  Elliott  Brothers,  and  was 
by  them  referred  to  Mr.  Amsler  for  detailed  reply. 

Mr.  C.  W.  Buchholz  presented  a  paper  of  more  than  ordinary 
interest  upon  "Engineering:  its  Achievements  and  its  Reward." 

On  motion  of  Mr.  E.  S.  Hutchinson,  the  special  thanks  of  the 
Club  were  tendered  to  Mr.  Buchholz  for  his  very  interesting  and 
entertaining  paper. 

Dbcember  19th,  1885. — ^Regular  Meeting. — Past  President 
Henry  G.  Morris  in  the  chair;  59  members  and  2  visitors  present. 

A  Report  was  presented  by  Mr.  K  L.  Corthell,  our  delegate  to 
the  Convention  of  Civil  Engineers  held  at  Cleveland,  December 
3-6,  on  the  Status  of  the  Civil  Engineering  Profession  on  National 
Public  Works  of  a  civil  character. 

The  Societies  represented  in  the  Convention,  or  who  had  se- 
lected delegates,  were  seventeen  in  number,  with  a  total  member- 
ship of  2062.  Although  coming  from  distant  sections  of  the 
country,  the  views  of  the  delegates  harmonized  from  the  first,  and 
the  desire  to  accomplish  results  of  practical  benefit  to  the  Engi- 
neering Profession  and  to  the  Country,  led  to  wise  and  conserva- 
tive action  on  the  part  of  the  Convention;  all  personal  or  pecu- 
liarly class  interests  were  made  subservient  to  the  higher  pur- 
pose of  the  interests  of  the  Country  and  the  Profession.  The 
views  of  the  Convention  are  embodied  in  the  reports  of  its  com- 
mittees, which  briefly,  but  comprehensively,  state  the  facts  and 
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lay  out  the  future  work  of  a  permanent  organization.    These  re- 
ports are  as  follows  : 

To  the  Conyention  representiDg  the  Civil  Engineering  Societies  of  the  United  States 
hj  their  delegates  aBsembled  at  Gleyeland,  Ohio: 

Gentlemen  : — Your  committee  on  **  The  report  of  the  action  of  the  Conyention, 
said  report  to  be  submitted  by  the  delegates  to  their  respective  Societies,"  respectfuUy 
submit  the  following  as  their  final  report : 

The  foremost  nations  of  the  world  have  organized  systems  of  internal  improvements. 
The  United  States  at  present  has  no  such  system.  The  marvelous  development  of 
this  great  country  demands  some  adequate  organization  of  such  a  system. 

In  the  formation  of  such  an  organization,  advantage  should  be  taken  of  the  best 
features  of  the  systems  of  other  nations. 

The  main  reason  for  the  success  of  such  works  in  foreign  countries  is  due  to  the  fact 
that  they  are  executed  under  a  civil  administration,  although  the  governments  them- 
selves, in  other  respects,  are  more  essentially  military  than  our  own. 

The  distinguishing  feature  of  these  organizations  is  the  employment  of  the  best 
available  talent,  of  men  especially  fitted  by  education,  training  and  experience,  to  de- 
sign and  execute  such  works. 

Under  our  present  methods  the  government  cannot  possibly  secure  such  trained  skill. 
The  reason  is  that  no  emoluments  or  reputation,  commensurate  with  the  service  ren- 
dered, or  equal  to  what  can  be  obtained  on  other  dvil  works,  are  attained  on  the  public 
works  of  our  government. 

These  facts  deter  men  of  experience  from  entering  the  service  of  the  government, 
and  also  those  who  have  gained  experience  therein,  from  remaining  in  its  employ. 

Recognizing  that  a  comprehensive  system  of  Public  Works  is  necessary,  we  respect- 
fully suggest  that  Congress  should  be  asked  to  establish  a  Civil  Bureau  of  Public 
Works ;  the  basis  of  organization  of  this  bureau  to  be  made  the  subject  of  study,  and 
report,  by  a  board  appointed  by  the  President  of  the  United  States ;  said  board  to 
consist  of  seven  members,  three  military  engineers,  three  civil  engineers,  and  one 
member  of  the  legal  profession. 

Mil  Chairman  : — Your  Committee  to  perpetuate  the  work  and  to  further  the  ob- 
jects of  this  convention,  beg  leave  to  submit  the  following  report : 

1st.  We  recommend  that  each  organization  in  the  United  States  embracing  Civil 
Engineering  be  requested  to  appoint  a  permanent  Committee  on  National  Public 
Works,  and  also  to  empower  and  direct  the  Chairman  of  that  Committee  to  be  a  full 
member  of  the  Civil  Engineers'  Committee  on  National  Public  Works. 

2d.  Said  Committee  to  perfect  its  organization  and  choone  an  Executive  Board  of 
five  members.  The  President  of  the  Committee  to  be  President  of  said  Board.  Its 
Secretary  shall  not  be  a  member  thereof. 

3d.  The  Executive  Board  may  select  from  each  important  city  or  section  of  the 
country,  one  or  more  Engineers  as  corresponding  members  of  the  Committee. 

4th.    Vacancies  in  the  Committee  to  be  filled  by  the  Society  whose  seat  is  vacated. 

5th.  Vacancies  in  the  Executive  Board  to  be  filled  by  vote  of  the  regular  members 
of  the  Committee,  by  letter  ballot,  upon  nominations  made  by  the  Executive  Board. 

6th.    The  duties  of  the  Executive  Board  shall  be  the  dissemination  and  presenta^ 
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Uon  of  the  action  of  the  meetings  of  the  Committee  and  other  information,  to  the  En- 
gineering profesBion,  to  Congress  and  to  the  country  at  large. 

7th.  We  further  recommend  that  for  the  present,  the  delegates  to  this  conyention 
constitute  a  temporary  Committee  and  act  as  such  until  the  doings  of  this  convention 
are  acted  upon  by  the  organizations  who  have  appointed  delegates. 

Whenever  a  Society  takes  favorable  action,  the  Chairman  of  the  Conunittee  on 
Public  Works  of  that  Society  shall  become  the  successor  of  the  present  temporary  in- 
cumbent and  a  member  of  the  permanent  Committee: — and  on  the  first  of  April,  1886, 
the  permanent  organization  shall  go  into  effect. 

The  earnest  closing  words  of  the  President  of  the  Convention 
speak  with  no  uncertain  tone  its  high  purposes  and  patriotic 
motives. 

Gosing  address  of  the  President  of  the  Civil  Engineer's  Committee  on  National 
Public  AVorks. 

Delegates  to  this  convention  and  visitors. 

Gentlemen  : — This  convention  is  about  to  terminate,  but  provision  has  been  made 
for  continuing  its  work.  The  question  before  us  is  one  of  grave  importance  to  the 
State.  Its  wise  solution  involves  an  economic  problem  of  momentous  consequence  in 
the  future.  Thus  impressed,  if  we  have  failed  in  recommending  wisely  we  must  be- 
speak for  our  National  Committee  the  consideration  and  the  co-operation  of  all  who 
have  the  public  weal  at  heart.  A  singular  unanimity  of  opinion  has  prevailed,  as  of 
mature  study  which  could  reach  but  one  conclusion,  and  we  therefore  with  the  greater 
confidence  refer  our  action  to  our  respective  Societies,  and  to  all  others  not  here  rep- 
resented, for  their  ratification  and  cordial  support.  We  work  not  for  to-day  nor  to- 
morrow, but  for  that  best  end  which  may  choose  its  means.  If  thereby  our  great  Pro- 
fession may  rise  higher  in  our  mature  development,  then,  indeed,  have  we  to-day  cast 
our  bread  upon  the  waters. 

The  history  of  the  last  eleven  years  shows  that  the  Civil  Engi- 
neering Profession  has  obtained  recognition  on  some  of  the  most 
important  public  works  ever  undertaken  by  this  or  any  other 
government;  this  recognition  was  obtained  by  Memorials  to  Con- 
gress and  by  a  representation  of  the  subject  in  Congressional 
Committees.  The  members  of  our  Profession  have  served  the 
Government  on  these  works  in  important  positions  and  on  a  per- 
fect equality  in  every  way  with  the  members  of  the  Military 
branch  of  the  profession  who  were  associated  with  them.  The 
Civil  Engineers  of  the  country  believe  that  a  reorganization  of  the 
system  of  National  Public  Works,  particularly  of  Rivers  and 
Harbors,  on  a  civil  basis,  will  give  the  Government  an  oppor- 
tunity of  calling  to  its  aid  the  best  skill  and  experience;  which, 
under  the  present  system,  as  stated  by  the  Chief  of  Engineers, 
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U.  S.  A.,  in  a  recent  letter,  it  cannot  obtain;  for  "there  has  been 
little  inducement  for  experienced  Civil  Engineers  to  offer  their 
services  to  the  Government."  Cogent  reasons  for  a  change  in  the 
methods  employed  on  Government  Works  and  the  importance  of 
this  change,  are  stated  as  follows  in  the  following  abstracts  from 
a  Memorial  drawn  up  for  presentation  to  Congress: 

"  Your  petitioners  are  Civil  Engineers,  and  we  address  your 
"Honorable  Body  in  regard  to  the  general  policy  of  the  Govem- 
"ment  in  executing  its  Civil  Engineering  Works,  especially  those 
"looking  to  the  improvement  of  our  Rivers  and  Harbors. 

"Up  to  the  recent  past  the  work  undertaken  by  the  General 
"  Government  for  the  benefit  of  commerce  has  been  unimportant 
"and  of  small  extent;  but  some  ten  or  twelve  years  ago  the  needs 
"of  commerce  compelled  the  Government  to  begin  a  more  scien- 
"tific  class  of  work  and  far  more  extended,  requiring  also  more 
"  systematic  application  in  the  execution  of  the  works.  The  de- 
"  terioration  of  our  rivers,  as  our  great  country  became  more  thor- 
"oughly  opened  up,  began  to  be  sensibly  felt;  and  the  increasing 
"draught  of  ocean  and  lake  steamers  made  it  necessary  to  devise 
"measures  for  removing  the  bars  that  obstructed  the  entrances  to 
"our  harbors.  Thus  we  were  confronted  with  a  state  of  things 
"  that  called  for  the  highest  attainments  in  Civil  and  Hydraulic 
"Engineering. 

"  It  is  important  to  take  a  comprehensive  view  of  the  require- 
"  ments,  which  this  rapid  increase  in  the  demands  of  commerce 
"have  imposed  upon  the  Engineering  Profession.  The  works  re- 
"  quired  cannot  be  undertaken  or  performed  by  the  meagre  and 
"  disjointed  expenditures  of  the  past.  Nor  are  we  likely  to  derive 
"  satisfactory  results  from  expenditures  upon  undertakings  of  this 
"kind,  unless  we  can  conform  more  to  that  division  of  labor,  to 
"that  employment  of  specialists,  such  as  is  practised  by  corpora- 
"tions,  companies  and  individuals  in  their  great  enterprises,  and 
"also,  in  the  conduct  of  their  Civil  Engineering  works,  by  other 
"nations  of  eminence  in  the  world,  except  our  own.  Already  our 
"annual  estimates  are  nearly  $50,000,000.  The  total  amount 
"necessary  to  complete  the  works  now  begun,  must  be  hundreds 
"of  millions  of  dollars.     It  can  hardly  be  expected  that  any  con- 
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"  siderable  part  of  the  improvements  already  commenced  will  be 
"  dropped  from  the  list,  and  new  works  of  commanding  import- 
"ance  are  clamoring  for  recognition. 

"About  sixty  military  engineers,  educated  specially  for  the  art 
"  of  war,  and  for  the  construction  and  maintenance  of  the  defenses 
"  of  the  country,  have  now  placed  upon  them  the  onerous  duty 
"and  responsibility  of  surveying,  designing  and  executing  these 
"great  public  works.  There  are,  however,  a  large  number  of 
"  Civil  Engineers  employed  as  assistants  on  these  works,  who  per- 
"  form  for  the  Military  Engineers  in  charge  much  of  the  engineer- 
"  ing  work  stated  above.  They  are,  however,  not  in  a  position 
"  where  they  can  be  of  the  most  service  to  the  Government,  for  the 
"  positions  held  by  them  temporarily,  are  such  as  to  lead  them  to 
"simply  perform  a  specific  duty  under  the  orders  of  a  military 
"superior,  through  whom  all  their  work,  surveys,  plans,  reports 
"and  estimates,  must  go  to  the  Secretary  of  War.  The  undesir- 
"ableness  of  the  positions  held  by  them,  leads  to  their  early  res- 
"ignation  to  obtain  more  congenial  and  profitable  employment, 
"and  more  conducive  to  progress  in  their  profession,  and  to  the 
"reputation  that  comes,  where  merit,  faithfulness  and  experience 
"meet  with  their  reward,  on  the  great  civil  works  Of  the  country, 
"  conducted  by  States,  cities,  corporations,  companies  or  individ- 
"  uals.  This  anomalous  position  of  Civil  Engineers  in  the  service 
"of  the  General  Government  makes  it  utterly  impossible  for  the 
"  country  to  obtain  the  highest  skill  and  the  most  valuable  expe- 
"  rience  on  its  important  River  and  Harbor  works. 

"The  present  system,  therefore,  does  not  and  cannot  result  in 
"  that  hearty  co-operation  in  all  its  essential  elements  that  is  ab- 
"solutely  necessary  for  the  highest  efficiency,  either  in  the  com- 
"  mercial  result,  which  these  works  are  intended  to  accomplish? 
"or  in  the  economy  of  funds  appropriated  for  their  construction 
"and  maintenance. 

:Hi  Hit  :ki  t¥  t¥  *  ^ 

"  We  urge  that  a  remedy  for  existing  evils  is  as  much  needed 
"  by  the  Government  as  by  ourselves,  and,  as  citizens,  we  ask  for 
"  its  application.  The  Military  Engineering  should  be  separated 
"from  the  Civil  Engineering.  A  bureau  of  Civil  Engineering 
"should,  in  our  opinion,  be  organized  and  placed  under  one  of 
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"  the  divisions  of  the  Government.  It  need  not  be  larger  than 
"the  present  needs  of  the  Government  require.  There  are  Mili- 
"  tary  Engineers  who,  by  reason  of  the  experience  of  recent  years, 
"are  competent  to  be  put  in  charge  of  such  works.  They  might 
"be  assigned  to  that  duty,  their  rank  and  pay  as  officers  in  the 
"army  being  discontinued,  while  employed  in  a  civil  capacity, 
"without  detriment  to  resumption  in  case  of  war  or  need  of  their 
"  services  in  their  own  pursuit.  But  the  Government  should,  we 
"think,  contemplate  the  ultimate  composition  of  this  corps  of 
"  Civil  Engineers,  exclusively,  in  order  that  our  national  works, 
"as  they  are  completed,  can  be  cared  for  and  maintained  by 
"officers,  not  subject  to  detail  with  consequent  neglect  of  the 
"works  in  time  of  war;  and  that  we  may  have  the  benefit  of  spe- 
"  cialists,  educated  and  trained  for  the  work  in  hand.  The  some 
"one  hundred  and  twenty  Military  Engineers,  maintained  by  the 
"Government,  will  be,  by  no  means,  a  large  staflF  for  devising, 
"  constructing  and  maintaining  defenses  for  our  vast  coast,  attend- 
"  ing  to  the  inland  works  and  defenses  that  are  maintained,  and 
"keeping  pace  for  our  country,  with  the  progress  of  the  science 
"of  war,  which,  in  this  age  of  wonderful  progress,  undergoes  the 
"most  radical  changes  almost  yearly. 

"  The  civilians  should  improve  a  country ^  the  military  men  should 
"  defend  it.  There  will  be  no  difficulty  in  organizing  a  very  able 
"corps  of  Civil  Engineers  from  among  the  seven  thousand  or 
"  eight  thousand  members  of  that  profession  in  our  country. 

"  As  the  works  for  the  benefit  of  commerce  will  always  be  con- 
"  structed  by  the  General  Government,  and  as  the  experience  of 
"other  countries,  and  the  pressing  demands  of  our  own,  lead  us 
"  to  expect  that  before  the  end  of  this  century  our  annual  expen- 
"  ditures  will  be  much  greater  than  they  are  now — greater  than 
"  we  shall  spend  upon  either  our  army  or  navy  establishments, 
"and  be  long  continued,  we  respectfully  suggest  to  Congress  the 
"establishment  of  the  Civil  (River  and  Harbor)  Works  of  the 
"Government  on  a  Civil  basis,  its  composition  to  be  entirely  Civil 
"and  drawn  from  that  portion  of  the  Engineering  Profession  of 
"the  country  that  are  especially  educated  and  trained  in  Hydrau- 
"  lie  Engineering.  The  members  of  this  Civil  Department  should 
"be  selected,  given  positions,  retained,  discharged,  relieved  and 
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"  promoted  to  higher  positions  in  their  departments,  according  to 
"  ability,  experience,  faithfulness  and  length  of  service,  whether 
"  they  are  from  civil  life  or  take  position  in  the  Civil  Corps  by 
"resignation  from  the  Army  or  the  Navy." 

A  large  number  of  the  most  experienced  and  thoughtful  men 
in  the  Civil  Engineering  Profession  have  signified  their  earnest 
wish  to  assist  in  the  work  that  now  lies  before  the  National  Com- 
mittee and  before  the  Profession  in  this  country.  Included 
among  them  are  four  Past  Presidents  of  the  American  Society  of 
Civil  Engineers,  several  of  its  Vice  Presidents  and  Boards  of  Di- 
rection. Members  of  other  Societies  and  individuals,  from  Cali- 
fornia to  Boston,  and  from  the  North  to  the  South,  have  taken 
hold  of  the  matter  in  earnest,  and  it  is  hoped  that  the  united  ac- 
tion of  the  Societies  and  individual  members  of  the  Profession 
will  serve  to  bring  this  important  subject  forcibly  to  the  early 
attention  of  our  Government,  and  lead  to  the  solution  of  a  ques- 
tion that,  if  wisely  solved,  will  be  for  the  great  advantage — first, 
of  the  Country,  and  second,  of  the  Engineering  Profession. 

The  Secretary  called  upon  Prof.  L.  M.  Haupt,  who  had  been 
identified  with  both  the  Military  and  Civil  branches  of  the  pro- 
fession, for  an  expression  of  his  views,  which  drew  from  the  Pro- 
fessor a  hearty  endorsement  of  the  statements  and  ideas  advanced 
by  Mr.  Corthell. 

The  Secretary  made  inquiry  as  to  what  expense  had  been  in- 
curred by  Mr.  Corthell  as  our  representative — to  which  Mr.  Cor- 
thell replied  that  he  had  no  account  to  render  for  any  personal 
expenditures,  and  that  the  general  expenses  of  the  Convention 
have  been  borne  by  the  gentlemen  who  have  thus  far  taken  so 
unselfish  an  interest  in  this  important  public  and  professional 
question.  The  Secretary  felt  sure  that  the  Club  always  desired  to 
pay  its  share  of  the  expense  of  any  movement  in  which  it  partici- 
pated, and  Mr.  Corthell  stated  that  it  was  intended  to  recommend 
the  division  of  future  expenses  among  the  organizations  repre- 
sented, according  to  their  relative  strength. 

A  hearty  vote  of  thanks  was  tendered  to  Mr.  Corthell  for  the 
able  and  thorough  manner  in  which  he  had  discharged  his  duty 
as  our  representative. 

The  Secretary  noted  that,  as  this  was  not  a  Business  Meeting, 
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we  could  not  take  any  action  that  would  be  binding  upon  them, 
but  thought  that  if  the  Board  of  Directors  were  made  aware  of 
our  sentiments,  they  could  proceed  with  more  freedom  in  the  se- 
lection of  a  permanent  Committee  on  National  Public  Works,  and 
therefore  moved  that  we  express  our  sentiment  in  favor  thereof, 
and  request  the  Board  to  take  such  action,  which  motion  was  car- 
ried by  unanimous  vote. 

Mr.  Thomas  C.  Clarke,  through  Mr.  Thomas  M.  Cleemann,  pre- 
sented an  account  of  the  impressions  gained  by  him  last  summer 
during  a  visit  to  the  Forth  and  Tay  Bridges. 

Mr.  John  T.  Boyd  presented,  for  the  Brooks  Locomotive  Works, 
of  Dunkirk,  N.  Y.,  two  handsomely  framed  photographs  of  loco- 
motive engines. 

The  Secretary  presented,  for  Mr.  S.  P.  Mitchell,  Tables  for 
Finding  Ordinates  to  Circular  Arcs,  for  the  Reference  Book. 

The  Secretary,  on  behalf  of  two  members,  pursuant  of  the  re- 
cent suggestion  of  Mr.  W.  H.  Ridgway,  presented  the  following 
questions,  which  were  partially  discussed  at  the  meeting: 

No.  1.  Suppose  a  shaft  sunk  to  a  depth  of  75  or  100  feet  through 
a  somewhat  broken  rock,  be  divided  into  two  compartments,  10 
ft.  by  10  ft.  and  5  ft.  by  10  ft.  in  area,  respectively;  the  shaft 
timbered  tightly  with  planks  and  the  only  communication  be- 
tween the  two  compartments  being  at  the  bottom.  Why  is  a 
strong  upward  current  of  air  experienced  in  the  smaller?   . 

These  were  the  conditions  in  a  shaft  in  a  mountain  some  10,000 
feet  above  sea  level.  There  was  no  steam  or  other  artificial  heat 
at  the  bottom,  nor  was  the  temperature  in  the  shaft  very  different 
from  that  of  the  outside  atmosphere. 

No.  2.  a.  What  proportion  of  piston  area  should  area  of  air 
inlet  and  outlet  valves  be  on  a  blowing  engine  with  a  stroke  of 
48  ins.;  cylinder,  54  ins.  diameter;  maximum  speed,  30  revolu- 
tions per  minute;  blast  pressure,  25  lbs.  per  square  inch. 

b.  Also  on  a  blowing  engine  with  a  stroke  of  60  ins.;  cylinder, 
70  ins.  diameter;  maximum  speed,  40  revolutions  per  minute; 
blast  pressure,  15  lbs.  per  square  inch. 

Qustion  No.  1  was  stated  and  illustrated  by  diagram,  by  Mr. 
T.  M.  Cleemann,  on  behalf  of  the  member  offering  it. 

The  Secretary  also  informally  presented  a  question  in  hydrau- 
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lies  which  had  been  the  subject  of  decided  diflference  of  opinion, 
and  gave  the  answer  as  derived  by  theory  and  actual  experiment. 

January  9th,  1886. — Eighth  Annual  Meeting. — President  J. 
J.  de  Kinder  in  the  Chair;  45  members  present. 

The  Secretary  and  Treasurer  presented  his  Annual  Report. 

On  motion  of  the  Secretary  and  Treasurer,  his  accounts  for 
1885  were  referred  to  the  Finance  Committee  of  the  incoming 
Board  of  Directors  for  audit. 

The  Secretary  presented  the  resignations  from  Active  Member- 
ship of  Messrs.  T.  Everett  Austin,  W.  Irving  Babcock,  James 
Beatty,  Jr.,  C.  John  Hexamer,  Andrew  B.  Lauffer,  Thaddeus  Nor- 
ris,  Arthur  Winslow  and  L.  M.  Winston,  which  were  accepted. 

The  Retiring  President,  Mr.  Joseph  J.  de  Kinder,  read  the  An- 
nual Address. 

The  Tellers  of  Election,  Messrs.  E.  S.  Hutchinson  and  C.  Fred- 
erick Moore,  reported  that  the  following  had  been  elected 

Officers  for  1886. 

President — Mr.  Washington  Jones. 
Vice-President — Mr.  Thomas  M.  Cleemann. 
Secretary  and  Treasurer — Mr.  Howard  Murphy. 
Directors — Messrs.  Frederic  Graff,  Rudolph  Hering,  William 
A.  Ingham,  Col.  William  Ludlow  and  Henry  G.  Morris. 


Active  Members — Messrs.  Albanus  L.  Smith,  Samuel  T.  Williams, 
Robert  E.  Pettit  and  H.  R.  Cornelius. 

They  announced  that  the  vote  upon  the  question  of  allowing 
smoking  at  the  meetings  had  resulted  as  follows: 

In  favor  of  smoking  being  permitted    .         .         .     102. 
Opposite  to        "  "  "  .         .        .    101. 

Mr.  Washington  Jones  took  the  chair  for  1886  with  appropriate 
remarks. 

January  16th,  1886. — Regular  Meeting. — President  Washing- 
ton Jones  in  the  chair;  24  members  present. 

Mr.  Howard  Constable  gave  an  interesting  account  of  the 
system  used  in  London  for  the  Public  Supply  of  Hydraulic  Power. 
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Mr.  Constable  also  described  a  novel  Rubber  Spring  for  tram- 
cars,  railway  draw-bars,  buffers  and  the  like. 

Prof.  L.  M.Haupt  read  a  profusely  illustrated  paper  on  Harbors. 

Messrs.  Coleman  Sellers,  Jr.,  Chn.,  Wilfred  Lewis  and  M.  R. 
Muckl6,  Jr.,  were  appointed  a  committee  to  prepare  a  Memorial 
of  the  late  Theodore  Bergner. 

Answers  to  Question  No.  1  (Dec.  19th,  1885)  were  presented  by 
Messrs.  James  Christie  and  Louis  Schutte. 

Februray  6th,  1886. — Regular  Meeting. — President  Wash- 
ington Jones  in  the  chair;  41  members  and  2  visitors  present. 

The  Secretary  presented,  for  Mr.  A.  R.  Cruse,  a  compilation  of 
tests  of  the  eflBciency  and  economy  of  various  Gas  Burners. 

The  Secretary  presented,  for  Mr.  Mataro  Crizuka,  a  paper,  illus- 
trated by  Japanese  map,  upon  the  Railways  in  Japan.  The  his- 
tory of  the  present  railways  is  given,  and  the  projects  for  the 
future.  The  paper  treats  of  costs  per  mile ;  the  bridges,  tunnels, 
shops,  etc.;  the  methods  'of  operation;  the  profits  of  the  traffic; 
the  native  and  foreign  supervision  and  labor;  and  the  relations 
of  the  Government  and  private  enterprise  to  the  work. 

Prof.  L.  M.  Haupt  read  a  second  paper  on  Harbor  Studies. 

Mr.  J.  Foster  Crowell  read  a  paper  upon  the  Present  Situation 
of  the  Interoceanic  Canal  Question. 

The  Secretary  presented,  for  Hon.  J.  Simpson  Africa,  Chn., 
Prof.  L.  M.  Haupt  and  Mr.  A.  E.  Lehman,  Committee,  a  Memorial 
of  the  late  Col.  James  Worrall,  giving  a  very  interesting  account 
of  his  connection  with  the  early  and  later  engineering  works  of 
the  country. 

February  20th,  1886. — Business  Meeting. — President  Wash- 
ington Jones  in  the  chair;  38  members  and  2  visitors  present. 

The  Tellers  of  Election,  Messrs.  J.  Foster  Crowell  and  George 
T.  Gwilliam,  reported  that  the  following  had  been  elected  Active 
Members  of  the  Club:  Messrs.  George  R.  Henderson,  R.  C.  Luther, 
Llewellyn  W.  Jones,  Samuel  T.  Wagner,  Fredk.  H.  Lewis,  Carl 
0.  Lindroth,  C.  Phillips  Bassett,  Fredc.  H.  Robinson,  W.  L.  Hoyt 
and  Philip  D.  Borden,  Jr. 

Mr.  J.  Foster  Crowell  presented,  in  continuation  of  his  discus- 


362  Abstract  of  Minutes  of  Meetings.  [Proc.  Eng.  Clab, 

sion  of  the  Interoceanic  Canal  Question,  an  exposition  of  the  en- 
gineering features  embodied  in  the  Nicaragua  Ship  Canal  project 
in  its  latest  form,  illustrated  by  oflBcial  maps  and  profiles  of  the 
country,  harbors  and  route,  accompanied  by  detailed  plans  of  the 
dams,  locks  and  other  permanent  structures  furnished  through 
the  courtesy  of  Mr.  A.  G.  Menocal,  the  Chief  Engineer  of  the 
undertaking. 

The  Secretary  presented  a  letter  from  Prof.  J.  E.  Nourse,  U.  S.  N., 
Correspondent,  expressing  the  general  views  of  Prof.  Nourse  upon 
the  subject  of  Isthmian  Transits. 

Dr.  H.  M.  Chance  described  some  phenomena  experienced  in 
draining  a  mine  by  Siphons. 

Prof.  L.  M.  Haupt  deferred  his  paper  on  the  Delaware  Break- 
water Harbor  until  the  next  meeting,  but  explained,  for  the  bene- 
fit of  the  members  present,  a  dissected  model,  showing  the  con- 
dition of  the  bottom  before  the  breakwater  and  ice-breaker  were 
built,  the  position  of  those  structures,  the  scour  and  deposits  that 
had  occured,  and  the  work  done  by  the  currents  in  the  various 
zones  lying  between  the  several  fathom  contours.  The  volumes 
moved  were  determined  by  weight,  and  important  physical  results 
were  clearly  and  intelligibly  illustrated.  The  character  of  the 
forces  acting  in  this  harbor,  were,  in  the  author's  opinion,  easily 
and  readily  determined  from  the  changes  which  had  been  pro- 
duced in  the  mould  of  the  harbor. 

A  discussion  of  the  general  deductions  and  remedies  was  re- 
served for  the  next  meeting. 

The  Secretary  presented,  for  Mr.  Walter  S.  Church,  a  complete 
set  of  the  New  Croton  Aqueduct  Specifications,  handsomely 
bound,  and  the  thanks  of  the  Club  were  returned  for  the  same. 

March  Gth,  1886. — Regular  Meeting. — President  Washington 
Jones  in  the  chair;  29  members  and  3  visitors  present. 

The  Secretary  presented,  for  Mr.  Wm.  H.  Dechant,  a  descrip- 
tion of  a  Practical  Test  to  Operate  a  Distant  Signal  by  a  Wire 
Run  through  a  Pipe  Filled  with  Oil. 

Mr.  J.  Foster  Crowell  exhibited,  described  and  presented  to  the 
Club,  a  model,  illustrating  the  Rolling  Lock  Gate,  designed  by 
Mr.  R.  E.  Peary,  Civil  Engineer,  U.  S.  N.,  for  the  Nicaragua  Ship 
Canal. 
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Prof.  L.  M.  Haupt  continued  his  paper  on  Harbor  Studies, 
applying  the  principles  to  the  harbor  of  refuge  at  the  Delaware 
Breakwater. 

Mr.  C.  W.  Pusey  described  Baird's  Distiller,  as  used  in  the 
works  of  the  Pusey  &  Jones  Manufacturing  Co.,  for  furnishing 
distilled  water  for  the  men. 

Wm.  H.  Derbyshire  described  a  new  double  Lathe  for  Turning 
Steel  Tired  Car  Wheels,  and  Mr.  F.  W.  Gordon  described  a  Lathe 
for  the  same  purpose. 

The  Secretary,  for  Mr.  J.  H.  Harden,  called  attention  to  a  pub- 
lication of  the  Chesterfield  and  Midland  Counties  Institution  of 
Engineers,  upon  Davis'  Self-Timing  Anemometer. 

The  Secretary  presented  the  following  for  Mr.  James  F.  Wood : 
"  The  Atlantic  City  Drainage  Company  has  discovered  that  many 
of  the  pipes  were  put  down  at  wrong  grades,  and  are  now  engaged 
in  taking  them  up  and  relaying  them  at  proper  grades."  I  en- 
close above  slip  cut  from  Philadelphia  paper.  The  only  interest 
in  it  is  the  extraordinary  fuss  they  made  in  the  papers  over  criti- 
cisms of  their  modus  operandi  at  Club  meeting  last  winter. 

March  20th,  1886.— Regular  Meeting. — President  Washington 
Jones  in  the  chair;  25  members  present. 

Mr.  Charles  G.  Darrach  explained  the  principles  involved  in 
the  construction  of  Intermittent  Siphons. 

Mr.  Frederick  H.  Lewis  read  a  paper  on  the  Steel  Rail  Discus- 
sion. 


Of  the  Board  op  Directors. 

i«JovEMBER  7th,  1885. — Special  Meeting. — Past  President  Henry 
G.  Morris  in  the  chair. 

The  Secretary  presented  correspondence  with  a  Committee  of 
the  Civil  Engineers'  Club  of  Cleveland,  relative  to  a  proposed 
convention  to  consider  the  status  of  Civil  Engineers  employed  on 
Government  Works  other  than  Military.  The  question  was  re- 
ferred to  the  Club  for  action. 

December  19th,  1885. — Regular  Meeting. — Past  President 
Henry  G.  Morris  in  the  chair. 
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Messrs.  E.  S.  Hutchinson  and  C.  F.  Moore  were  appointed  Tel- 
lers to  conduct  the  Annual  Election,  with  Messrs.  John  T.  Boyd 
and  A.  Saunders- Morris  as  Alternates. 

The  Secretary  presented  a  communication  from  a  member  ask- 
ing permission  to  use  the  second  story  of  the  Club  for  an  evening 
for  the  entertainment  of  a  few  friends.  After  some  discussion  as 
to  general  regulations  for  such  entertainments,  it  was  ordered  that, 
with  the  approval  of  the  Board,  such  entertainments  might  be 
given,  and  that  a  uniform  fee  of  Ten  Dollars  should  be  charged  to 
cover  the  expense  of  light,  heat,  etc. 

January  9th,  1886. — Special  Meeting. — President  J.  J.  de 
Kinder  in  the  chair. 

The  Secretary  presented  the  vouchers  for  the  whole  fiscal  year 
1885,  Nos.  1  to  133,  both  inclusive,  all  of  which  had  been  ap- 
proved by  the  Finance  Committee,  and  the  payment*of  the  same 
was  approved  by  the  Board.  In  accordance  with  the  request  of 
the  Club,  the  President  was  requested  to  appoint  a  Permanent 
Committee  on  National  Public  Works,  whereupon  he  appointed 
the  following:  Mr.  E.  L.  Corthell,  Chairman,  Prof.  L.  M.  Haupt 
and  Mr.  Rudolph  Hering. 

The  Board  for  1885  adjourned  sine  die, 

January  16th,  1886. — Regular  Meeting. — President  Washing- 
ton Jones  in  the  chair.  The  President  announced  the  appoint- 
ment of  the  following  Standing  Committees  for  the  year  1886 : 

Finance — Messrs.  Frederic  Graff  and  Henry  G.  Morris. 

Membership — Messrs  Henry  G.  Morris  and  Wm.  A.  Ingham. 

Publication — Messrs.  Thos.  M.  Cleemann  and  Col.  Wm.  Ludlow. 

Library — Messrs.  Rudolph  Hering  and  Thos.  M.  Cleemann. 

House — Messrs.  Wm.  A.  Ingham  and  Rudolph  Hering. 

The  Secretary  suggested  that  a  request  be  extended  to  Presi- 
dent Washington  Jones  to  sit  for  his  phototype  portrait  for  in- 
sertion in  our  Proceedings.  The  suggestion  was  unanimously 
adopted. 

March  6th,  1886. — Special  Meeting. — President  Washington 
Jones  in  the  Chair.  The  Secretary  was  directed  to  take  legal 
proceedings  to  recover  an  amount  due  the  Club. 
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XXV. 


THE  PRESSURE  AND  COMPOSITION  OF  NATURAL  GAS. 

By  Dr.  H.  M.  Cbance,  Active  Member  of  the  Club. 
Bead  May  Irt,  1886  • 

In  a  paper  discussing  the  "Anticlinal  Theory"  of  Natural  Gasf 
I  have  already  shown  that  the  pressure  under  which  gas  exists 
beneath  the  surface  in  Western  Pennsylvania,  must  be  limited  by 
the  depth  of  the  gas  producing  stratum ;  it  must,  in  other  words, 
be  less  than  the  weight  of  the  overlying  rocks,  which  may  be 
taken  at  one  pound  per  square  inch  for  every  foot  in  depth.  This 
determines  the  absolute  maximum  limit  for  any  considerable  area 
of  gas-producing  rock. 

It  is  perhaps  possible  that  the  pressure  is  also  limited  by  the 
hydrostatic  head.  We  may  distinguish  two  entirely  independent 
hydrostatic  pressures  which  might  limit  the  gas  pressure. 

1.  Direct  pressure  from  stream  level  at  the  surface  above  the  gas 
rock,  acting  through  extremely  narrow  crevices  and  thus  sealing 
the  gas  within  its  porous  sandrock  reservoirs.  When  the  gas 
pressure  exceeds  this  water  pressure,  the  gas  must  blow  off.  After 
the  pressure  is  sufficiently  reduced,  the  water  might  again  seal  up 


*  Formerly  Assistant  Geologist,  Pennsylvania  Geological  Survey, 
t  Read  before  the  Bethlehem  (1886)  Meeting  of  the  American  Institute  of  Mining 
Kngineers. 
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the  vents.  The  gas  pressure,  if  so  limited,  could  not  exceed  -^^ 
pound  for  each  foot  in  depth  of  gas  sand  below  surface  water  level. 
Thus  for  1500  feet  below  water  level,  the  gas  pressure  limit  would 
be  about  650  pounds  per  square  inch,  or  somewhat  less  than  half 
the  ultimate  maximum  as  limited  by  rock  pressure  (weight). 

2.  Hydrostatic  pressure  acting  through  each  rock  from  its  out- 
crop at  water  level  in  the  northern  part  of  Pennsylvania,  or 
southern  New  York.  If  we  could  admit  the  possibility  of  such 
perfect  continuity  of  porosity,  or  open  crevices,  or  both,  as  would 
permit  the  pressure  to  be  transmitted  through  eighty  or  one  hun- 
dred miles  of  rock  underground  from  the  water  level  outcrop  of 
the  first  oil  sand  near  Titusville  on  Oil  creek,  and  below  Tidioute 
on  the  Allegheny  river,  at  an  elevation  above  tide  of  about  1100 
feet,  through  and  down  the  slope  of  the  rock  to  Pittsburgh  where 
this  rock  lies  about  800  feet  bdow  tide,  then  the  maximum  gas 
pressure  possible  would  be  limited  by  this  difference  in  elevation. 

The  non-porous  character  of  large  areas  of  the  rock,  the  clay 
luting  of  the  rock  joints  (cleavage  joints),  render  such  an  hypo- 
thesis improbable,  but  we  have  much  stronger  negative  evidence 
in  the  salt  water  wells,  many  of  which  when  first  struck  flow 
largely,  but  after  a  time  as  the  gas  pressure  (from  dissolved  gas) 
diminishes,  they  cease  flowing  and  in  many  cases  the  brine  does 
not  rise  more  than  half  way  to  the  surface.  If  the  hypothesis  of 
open  crevices  or  continuity  of  porosity  were  true,  these  wells  should 
yield  true  artesian  flows  of  constant  volume. 

The  hypothesis  of  direct  pressure  from  the  surface  is  partly 
disproved  by  the  experience  of  drillers  throughout  the  oil  region, 
that  fresh  water  is  found  only  to  a  certain  depth, — usually  300  to 
500  feet, — and  that  below  this,  and  until  salt  water  is  struck, — 
commonly  at  800  to  1400  feet,  in  the  oil  regions, — the  slates  and 
shales  passed  through  are  extremely  dry.  This  dryness  of  the 
underground  is  not  peculiar  to  the  oil  regions;  in  many  mining 
districts  the  rocks  at  great  depth  are  exceedingly  dry,  no  water 
being  met  after  passing  below  the  limit  to  which  the  surface  water 
penetrates.  In  some  of  our  deep  anthracite  coal  mines,  and  in 
deep  coal  mines  in  other  countries  the  absence  of  moisture  is 
such  that  much  inconvenience  is  experienced  from  the  accumu- 
lation of  large  quantities  of  exceedingly  dry  dust. 
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This  fact,  that  surface  water  finds  its  way  down  to  only  a  limited 
depth,  is  sufScient  proof  that  nearly  all  the  cleavage  joints  and 
fissures  are  filled  with  a  practically  water  tight  clay  luting,  and 
it  is  to  this  fact  that  we  must  attribute  the  possibility  of  the  exist- 
ence of  large  quantities  of  gas  at  great  pressure.  Without  such 
a  filling  in  of  the  cleavage  joints  and  fissures,  such  accumulations 
would  evidently  be  impossible. 

Hence  these  hypotheses  both  seem  to  me  improbable,  and  while 
they  would,  if  true,  establish  pressure  limits  very  nearly  equal  to 
the  observed  maximum  pressures,  I  believe  that  this  is  merely  a 
coincidence  brought  about  in  the  following  way. 

We  have  no  records  of  the  gas  pressure  first  shown  by  the  larger 
wells.  The  recorded  pressures  have  nearly  all  been  observed  after 
the  gas  had  been  blowing  off  for  some  weeks,  months,  or  even 
years,  and  the  pressure  then  shown  by  a  guage  is  evidently  no 
measure  of  the  pressure  under  which  the  gas  exists  in  the  rock, 
for  the  gas  soon  becomes  exhausted  from  the  immediate  vicinity 
of  the  well,  which  then  draws  its  supply  from  a  considerable  dis- 
tance, and  perhaps  through  bands  of  rock  of  such  texture  (and 
perhaps  even  through  the  clay  filling  of  crevices),  that  the  press- 
ure shown  at  the  well  may  be  only  a  fraction  of  the  actual  press- 
ure. 

Hence  while  recorded  pressures  range  from  about  600  down  to 
200  pounds  per  square  inch,  we  have  every  reason  to  believe  that 
the  actual  pressures  are  perhaps  from  500  to  1000  pounds  per 
square  inch,  or  even  in  some  cases  much  greater,  but  must  still 
be  less  than  the  maximum  as  limited  by  depth.  In  the  paper 
above  mentioned  I  have  shown  that  this  maximum  is  very  much 
less  than  the  pressure  necessary  to  effect  liquifaction,  and  that  we 
must  therefore  abandon  the  supposition  that  the  gas  exists  as  a 
liquid. 

One  of  the  most  interesting  phenomena  recently  observed  in 
natural  gas  is  its  variability.  The  analyses  of  Prof.  Sadler*  made 
some  nine  years  ago,  told  us  that  gas  from  wells  located  in  dis- 
tricts not  connected  with  each  other  was  similar  in  composition, 
but  that  the  percentages  of  the  different  gases  present  varied 
widely.     We  were,  however,  not  prepared  for  the  discovery  that 

*  Report  \j,  Pennsylvania  Geological  Survey. 
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gas  from  wells  in  the  same  "pool"  and  that  from  the  same  well 
was  subject  to  daily  and  even  hourly  variations  in  composition. 
When  it  was  found  that  the  calorific  value  of  the  fuel  was  subject 
to  change  from  time  to  time,  as  shown  by  variations  in  tempera- 
ture of  the  furnaces,  and  in  the  steam  pressure  of  boilers  under 
which  it  was  burnt,  this  was  at  first  supposed  to  be  due  to  differences 
in  pressure,  that  is,  in  the  quantity  of  gas  delivered  to  the  burners 
in  the  fire  box.  Automatic  pressure  regulators  were  introduced, 
and  the  producing  companies  perfected  a  system  by  which  the 
pressures  were  maintained  at  a  nearly  constant  figure,  yet  the 
same  variations  were  observed.  The  chemists  then  began  to  ex- 
amine the  gas  and  soon  found  that  it  was  extremely  variable  in 

composition. 

As  the  law  of  diffusion  of  gases  should  effect  a  thorough  mix- 
ing of  the  gases  throughout  the  limits  of  any  gas-pool  or  area  of 
porous  rock,  we  should  naturally  expect  the  gas  from  each  such 
pool  to  be  of  uniform  composition.  Those  who  uphold  the  hy- 
pothesis of  continuous  manufacture  underground,  quote  this  vari- 
ation in  composition  as  one  of  the  strongest  arguments  in  support 
of  the  theory,  and  as  yet  the  geologists  familiar  with  the  pheno- 
mena of  natural  gas,  who  almost  without  exception  have  discarded 
this  theory  as  untrue,  have  not  furnished  any  explanation  of  this 
phenomenon.  Two  of  our  most  noted  scientists  versed  in  the 
chemistry  and  geology  of  natural  gas,  and  disbelieving  any  theory 
of  continuous  production  {paripasu  with  consumption),  have  been 
disposed  to  explain  this  variability  by  asserting  that  the  law  of 
diffusion  may  become  inoperative  in  gases  under  great  pressure. 
As  the  diffusion  of  gases  results  from  molecular  activity  and  as 
this  cannot  be  destroyed  or  suppressed  by  pressure,  and  as  it  has 
never  been  shown  that  any  of  the  laws  of  matter  may  be  annihi- 
lated, this  assertion  appears  to  me  to  be  entirely  without  support. 

It  seems  to  me  entirely  possible  to  account  for  the  phenomena 
without  doing  violence  to  any  natural  law,  and  to  explain  how 
almost  any  and  every  possible  variation  in  the  composition  of 
natural  gas  may,  if  indeed  it  must  not,  occur  in  the  gas  as  yielded 
by  the  wells,  while  the  gas  throughout  the  porous  area  is  of  uni- 
form composition.  The  first  four  of  the  following  analyses  were 
made  from  gas  taken  from  the  same  well  at  different  times.  The 
remaining  analyses  are  of  wells  in  different  districts. 
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Illuminating  hydrocarbons 

Batio.  C  to  H  (weight) 

1,  2,  3,  4.  From  well  supplying  Edgar  Thompson's  Steel  Works,  by  S.  A.  Ford. 
6.  Bums  well,  Butler  Co.,  Pa.,  by  Sadtler. 

6.  Luckburg  well,  Armstrong  Co.,  Pa.,  by  Sadtler. 

7.  Harvey  well,  Butler  Co.,  Pa.,  by  Sadtler. 

8.  Cherry  Tree  well,  Indiana  Co.,  Pa.,  by  Sadtler.    Small  flow  through  fresh  water. 
9, 10.  Two  wells  near  East  Liberty,  Allegheny  Co.,  Pa.,  by  S.  A.  Ford. 

The  first  four  analyses  show  marked  variations  in  hydrogen 
and  ethane.  In  the  gas  from  the  well  near  Greensburg  from 
which  the  Cambria  Iron  Company  is  to  get  its  supply,  Mr.  John 
Fulton  informs  me  that  nitrogen  is  contained  in  considerable 
quantity  and  that  it  is  subject  to  marked  and  rapid  variations. 

All  rocks  are  traversed  by  cleavage  joints  and  fissures.  They 
may  be  seen  in  every  quarry,  in  every  railroad  cut,  tunnel  and 
mine.  The  rocks  of  western  Pennsylvania  are  no  exception,  but 
the  fact  that  gas  exists  under  great  pressure  in  the  porous  rocks, 
is  suflScient  evidence  that  these  cleavage  joints  are  sealed  with  a 
luting  of  clay  and  perhaps  calcareous  material  from  percolating 
water,  and  the  fact  that  the  waters  do  not  now  percolate  from  the 
surface  to  a  greater  depth  than  300  to  500  feet,  is  evidence  that 
these  narrow  crevices  are  impervious  below  that  depth.  The 
word  crevice  or  fissure  is  not  exactly  applicable  to  many  of  these 
openings  which  are  merely  joints  or  cleavage  planes,  and  in  a  few 
cases  only  do  they  have  a  width  entitling  them  to  be  termed 
crevices  or  fissures.  - 

If  these  joints  in  the  rocks  above  the  gas  sands  are  luted  with 
clay  or  calcareous  material,  then  we  have  every  reason  to  believe 
that  the  cleavage  joints  of  the  gas  rock  itself  are  also  partially 
closed  by  similar  material,  and  we  may  therefore  conclude  that 
€very  gas  area  is  divided  into  many  subdivisions  by  diaphragms 
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of  clay  or  calcareous  material,  through  which  the  gas  must  dif- 
fuse in  passing  to  the  well.  As  the  rate  of  diflPiision  of  gases 
through  porous  diaphragms  is  inversely  as  the  square  root  of 
their  densities,  the  gases  will  difiPuse  in  ratios  proportional  the 
following  figures: 

Density.        Rate  of  Diffusion. 

Hydrogen    H  1.  1. 

Marsh  Gas  CH^  7.985  ^,\j 

Ethane         CaHg  14.97  ^,^ 

Nitrogen      N  14.01  ^.j^ 

If  the  diffusion  is  from  an  enclosed  area  the  hydrogen  percent- 
age will  be  largely  increased  and  the  percentages  of  the  other 
gases  decreased.  If  the  diffusion  is  through  a  plane  along  which 
a  current  of  gas  is  constantly  flowing  to  find  its  way  by  a  circuit- 
ous route  to  the  well,  the  diffused  gas  will  contain  a  still  larger 
percentage  of  hydrogen,  and  nearly  equal  percentages  of  marsh 
gas,  ethane  and  nitrogen.  If  the  diaphragm  of  clay  or  calcareous 
material  permits  transfusion  as  well  as  diffusion,  we  will  have 
still  different  percentages. 

Again,  the  gas  dissolved  and  held  by  salt  water  contains  less 
hydrogen,  nitrogen  and  marsh  gas  and  more  ethane  than  the  free 
gas.  Gas  given  off"  from  the  salt  water  as  the  pressure  diminishes 
will  therefore  constitute  another  variety.  If  this  gas  diffiises 
through  a  diaphragm  on  its  way  to  the  well,  the  diffused  gas  will 
have  a  composition  dissimilar  to  any  of  the  mixtures  already  de- 
scribed, being  lower  in  nitrogen.  If  this  gas  flows  past  a  dia- 
phragm while  diffusing  through  it,  the  diffused  gas  will  contain 
nearly  all  the  hydrogen,  nitrogen  and  ethane,  and  the  gas  flow- 
ing past  and  around  the  diaphragm  will  consist  almost  entirely 
of  marsh  gas. 

Hence  we  have  the  following  varieties: 

1.  Normal  mixture  of  gas. 

2.  Gas  diffused  through  diaphragm. 

3.  Gas  left  behind  diaphragm. 

4.  Gas  diffused  through  diaphragm  while  flowing  past  it. 

5.  Gas  flowing  past  diaphragm,  not  diffused. 

6.  Gas  from  salt  water. 
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7.  Gas  from  salt  water,  diffused  through  diaphragm. 

8.  Gas  from  salt  water,  left  behind  diaphragm. 

9.  Gas  from  salt  water,  diffused  while  flowing  past  diaphragm. 
10.  Gas  from  salt  water,  flowing  past  diaphragm  not  diftused. 

And  in  addition  to  these  varieties  we  may  have  an  infinite 
number  of  minor  variations  resulting  from  the  combined  action 
of  diffusion  and  varying  rates  of  transfusion,  and  from  mixtures 
of  these  variations  with  the  normal  gas  mixture,  we  can  readily 
conceive  a  well  so  located  with  reference  to  a  salt  water  area  and 
to  a  number  of  cleavage  joint  diaphragms,  that  the  mixture  of 
gases  flowing  into  it  from  different  directions  would  be  subject  to 
such  constant  changes,  that  uniformity  of  composition  even  for 
short  periods  would  be  exceptional  and  variability  the  rule. 

The  solubility  of  these  gases  in  salt  water  is  not  accurately 
known.  The  following  co-efficients  of  solubility  (by  volume)  in 
fresh  water  for  a  temperature  of  20°C.  (68°F.)  were  calculated  from 
the  formulae  given  by  Roscoe  and  Schorlemmer.* 


H        Hydrogen 

.01930 

1.93  per  cent. 

CH4    Marsh  Gas 

.03449 

3.45    "      " 

CjHg  Ethane 

.049 

4.90    "      " 

^!f         Nitrogen 

.018 

1.80    "      " 

By  DaUon*8  law  of  partial  pressures  the  composition  of  the  dis- 
solved gas  is  found  by  multiplying  the  percentage  of  each  gas  by 
its  co-efficient  of  solubility,  and  dividing  each  product  by  the 
sum  of  all  the  products,  the  results  showing  the  percentage  of 
each  gas  in  the  mixture. 

The  influence  of  unequal  pressures  underground  caused  by  the 
unequal  action  of  several  wells,  drawing  gas  from  the  same  rock, 
and  the  movements  of  salt  water  through  the  rock  will  sufficiently 
account  for  varying  flows  of  gas  towards  any  one  well  from  dif- 
ferent directions.  Under  such  conditions  it  is  evident  that  more 
abrupt  changes  in  composition  would  occur  than  in  the  case  of  a 
single  well,  drawing  gas  from  a  pool  in  which  water  movement 
could  not  occur,  for  in  this  case  the  gas  flowing  towards  the  well 
from  each  direction  would  maintain  a  constant  ratio  to  the  total 

♦Organic  Chemistry,  Vols.  I.  and  III.,  Pt.  1. 
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flow,  and  the  resulting  ifiixture  in  the  well  would  remain  more 
nearly  constant  in  composition,  except  as  the  mixture  coming 
from  any  one  direction  might  become  exhausted  (or  slowly 
change  by  diffusion)  and  be  replaced  by  the  gas  left  behind  a 
diaphragm,  through  which  the  first  mixture  had  diffused. 


XXVI. 

NOTES  UPON  THE  EARLY  HISTORY  OF  THE  EMPLOYMENT 

OF  WATER  POWER  FOR  SUPPLYING  THE  CITY  WITH 

WATER,  AND  THE  BUILDING  AND  RE-BUILDING 

OF  THE  DAM  AT  FAIRMOUNT. 

By  Fbederic  Gbapp,  Active  Member  of  the  Club. 

Bead  May  Ut,  1886. 

The  ea^rliest  official  publication  referring  to  the  use  of  water- 
power  for  the  supply  of  Philadelphia  with  water,  is  contained  in 
a  report  made  by  Messrs.  John  Davis  and  Frederick  Graff",  Dec. 
18th,  1811,  in  pursuance  of  a  resolution  passed  by  Councils,  Oct. 
24th,  1811.  After  reporting  upon  the  bad  condition  and  inade- 
quacy of  the  steam  works  then  in  use,  at  Chestnut  Street,  on  the 
Schuylkill,  and  at  Centre  Square,  they  consider  the  propriety  of 
building  new  steam  works  on  the  Schuylkill  at  the  Upper  Ferry 
Bridge,  and  thereby  supplying  water  to  a  reservoir  to  be  built  on 
"  Morris'  Hill,"  now  Fairmount.  They  take  up  the  question  of 
the  use  of  water  power,  and  use  the  following  language,  viz : 

"  With  respect  to  the  waters  of  the  Schuylkill  at  the  falls,  it  ap- 
pears by  the  dam  erected  to  supply  a  mill  now  built  at  that  place, 
there  is  only  four  feet  six  inches  fall  above  tide  water,  there  is 
likewise  a  fall  of  about  two  feet  from  the  falls,  to  the  tail  race  of 
W,  Robeson's  Mill,  or  the  mouth  of  the  Wissahickon  Creek,  mak- 
ing the  whole  head  and  fall  about  six  feet  six  inches,  which  fall 
could  be  obtained  by  building  a  dam  across  the  Schuylkill,  above 
the  bridge.  There  is  certainly  water,  and  power  enough  at  this 
place  to  supply  the  city  with  water,  if  no  impediments  ever  oc- 
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curred  to  prevent  the  operation  of  the  machinery  and  works,  but 
the  certainty  of  freshets,  which  so  frecjuently  happen  in  the  river 
Schuylkill,  would  render  such  works  nearly  as  uncertain  as  the 
steam  engines." 

"  From  satisfactory  information  obtained  relative  to  the  quan- 
tity of  water  flowing  from  the  Wissahickon  Creek,  at  W.  Robeson's 
mill,  it  appears  that  in  the  driest  part  of  the  season  the  stream 
produces  about  10,000  gallons  of  water  per  minute,  equal  to  about 
14,000,000  gallons  every  twenty-four  hours. 

"To  employ  this  stream  for  the  purpose  of  watering  the  city, 
the  best  mode  that  appears  practicable,  would  be  to  dig  a  race,  or 
<anal  from  Robeson's  mill  dam,  to  the  Falls  of  Schuylkill,  to  erect 
suitable  buildings  and  machinery  at  the  foot  of  Sims's  Hill  (now 
North  Laurel  Hill),  the  summit  of  which  was  stated  to  be  100  feet 
above  high  tide  and  to  deliver  and  supply  into  two  large  reser- 
voirs, on  said  hill,  as  much  water  as  is  requisite  to  supply  the 
city,  and  to  lay  a  cast  iron  pipe  of  eighteen  inches  diameter  and 
connect  the  same  with  the  distributing  chest  at  Centre  Square. 

"  There  is  no  manner  of  doubt  respecting  the  suflBciency  of  the 
Wissahickon  stream,  to  give  an  ample  supply  of  water  both  to  the 
works  and  machinery,  and  deliver  from  three  to  four  millions  of 
gallons  of  water  in  twenty-four  hours,  to  such  height  on  the  hill 
as  will  produce  the  same  quantity  at  the  Centre  Square,  the  whole 
head  and  fall,  from  the  mill  dam  to  high  water  mark  below  the 
falls,  is  nearly  thirty  feet,  which  constitutes  a  power  amply  suflB- 
cient  for  the  above  purpose.  The  sum  necessary  to  carry  this 
plan  into  operation  is  certainly  very  considerable,  but  if  it  was 
■executed  in  a  permanent  simple  way,  it  would  perhaps  in  the  end 
be  the  best  manner  of  supplying  the  city  with  water." 

The  amount  they  estimated  for  the  whole  work  was  $359,718.55 
and  the  probable  annual  expense  for  repairs  of  the  works  and  at- 
tendance $1200. 

They  say  further.  "If  the  canal  already  commenced  should 
ever  be  completed,  (the  canal  referred  to  was  the  '  Union '), 
and  it  is  found  that  a  portion  of  its  waters  could  be  spared  for 
the  use  of  watering  the  city,  a  water  machinery  could  be  erected 
near  to  '  Morris'  Hill '  (now  Fairmount)  to  pump  or  elevate  the 
necessary  quantity  of  water  into  reservoirs  constructed  on  the 
hill." 
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An  estimate  was  also  made  but  not  published  in  the  report^ 
upon  the  plan  of  purchasing  the  mills  and  raising  Robeson's  Dam^ 
which  was  at  the  mouth  of  the  Wissahickon,  fifteen  feet  higher 
than  it  then  was,  and  turn  the  water  of  the  Wissahickon  into  the 
canal,  which  was  to  be  completed  to  the  foot  of  Morris'  Hill  (now 
Fairmount),  a  distance  estimated  to  be  four  miles,  and  there  to 
erect  machinery  to  pump  the  water  into  a  reservoir  on  the  Hill, 
from  which  pipes  were  to  carry  it  to  the  distributing  chest  at 
Centre  Square.  Later  on  the  water  was  conveyed  from  the  reser- 
voir at  Fairmount  to  the  distributing  chest  above  referred  to,  by 
six  lines  of  wooden  pipes.  The  distributing  chest  was  a  cast-iron 
box  into  which  these  lines  of  logs  delivered  their  water  and  from 
which  wooden  pipes  carried  it  to  and  down  Market  and  Chestnut 
Streets. 

The  estimated  cost  of  accomplishing  this  work  was  $370,249.64. 

The  plan  of  erecting  an  engine  house,  steam  engines,  and  a 
reservoir  on  Morris  Hill  was  the  one  adopted  as  designed  and 
carried  out  by  Frederick  Graff.  These  works  were  commenced 
Aug.  1st,  1812,  and  supplied  the  city  from  Sep.  7th,  1815,  to  July 
1st,  1822,  when  the  supply  was  commenced  from  the  first  water 
wheel  and  pump  at  Fairmount. 

Feb.  5th,  1819,  the  "Watering  Committee"  made  a  report  in 
which  the  following  .words  occur:  "The  constant  and  great  ex- 
pense attending  steam  engines,  and  the  vexation  occasioned  by 
repeated  accidents,  have  always  been  present  to  the  watering  com- 
mittee, who  have  ever  thought  water  power  should  be  resorted  to^ 
if  practicable.  The  present  committee  have  been  fully  alive  to 
the  importance  of  the  subject;  and  their  desire  of  accomplishing 
it  more  and  more  excited,  by  the  success  of  the  improvement  of 
the  Schuylkill  by  dams  and  locks,  which  suggested  the  practica- 
bility of  erecting  a  dam  and  water  works  near  Fairmount." 

At  that  time  there  was  but  little  experience  in  building  dama 
except  upon  very  small  mill  streams.  The  committee  asked  for 
plans  and  estimates  for  a  dam  and  the  necessary  lock,  and  such 
were  submitted  by  Thomas  Oakes,  Messrs.  Lehman  and  Briggs^ 
Mr.  Lewis  Wernwag,  who  had  built  the  bridge  at  Fairmount^ 
Mr.  Frederick  Graflf,  the  engineer  of  the  works,  and  Mr.  Ariel 
Cooley. 
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I  herewith  call  your  attention  to  a  drawing  copied  from  the 
originals,  formerly  in  the  oflBce  of  the  Water  Department,  com- 
bined on  one  sheet,  of  the  sections  and  plans  for  the  dam,  as  pro- 
posed by  all  the  above  named,  except  Mr.  Wernwag.  No  mate- 
rial for  his  plan  could  be  found  at  the  date  when  the  drawing 
was  made. 

All  the  plans,  except  that  of  Mr.  Cooley,  were  upon  the  arched 
form,  the  chord  line  varying  from  720  feet,  that  of  Mr.  Wernwag, 
0^      to  1000  feet,  that  of  Messrs.  Briggs  and  Lehman. 

The  plan  proposed  by  Mr.  GraflF  was  for  substantial  framed 
wooden  cribs,  sunk  through  the  mud  in  the  deep  water  to  the 
rock  bottom,  sheet  piled  at  the  back,  and  re-enforced  by  rip-rap 
of  stone  in  front  and  stone  and  earth  at  the  back. 

Mr.  Wernwag^s  was  somewhat  similar,  but  without  the  sheet 
pile,  or  rip-rap  in  front. 

Mr.  Oaks  dam  was  to  be  formed  by  a  planked  box  or  open  cof- 
fer dam  from  about  low  tide  to  the  bottom  of  the  river.  This  was 
intended  to  have  been  about  12  feet  wide  up  and  down  stream, 
and  in  deep  water  would  have  been  about  thirty  feet  deep — filled 
with  what  was  termed  "  shingle  grouting."  Upon  this  was  to  have 
been  built  a  framed  timber  dam,  extending  about  35  feet  up 
stream,  filled  with  stone,  and  decked  with  plank  on  up  and  down 
stream  faces,  the  whole  rip-rapped  with  stone  back  and  front. 

Messrs.  Brigg^s  and  Lehman's  plan  was  for  a  pile  of  earth  and 
stone  from  low  tide  to  the  bottom  of  the  river,  about  thirty  feet 
deep;  upon  this  was  to  have  been  built  a  framed  timber  dam, 
with  a  triangular  section,  and  base  of  about  45  feet,  filled  with 
stone  and  decked  back  and  front. 

All  these  would  have  to  be  sunk  through  about  eleven  feet  of 
mud  in  the  deepest  part  of  the  river  to  solid  rock. 

Mr.  Wernwag's  plan  contemplated  putting  the  canal  upon  the 
east  side  of  the  river,  an  extention  of  the  present  forebay  of  the 
works,  which  would  of  course,  have  been  very  objectionable  and 
detrimental  to  the  purity  of  the  water  supply,  on  account  of  the 
traffic  carried  on  through  the  forebay,  to  reach  the  canal. 

Mr.  Cooley,  who  had  more  experience  in  such  matters,  took  the 

i     ground  that  the  overfall  of  the  dam  should  be  made  as  long  as 

convenient  to  allow  surface  for  the  freshets  in  the  river,  about 
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which  he  had  obtained  experience  in  building  a  dam  at  Flat  Rock 
(now  Manayunk),  for  the  Schuylkill  Navigation  Company.  He 
was  an  eccentric  person,  as  the  following  extract  from  his  reply  to 
a  request  for  his  estimate  for  the  cost  to  erect  the  dam,  will  serve 
to  show.  He  says:  "This  vast  work  cannot  be  effected  and  com- 
pleted in  manner  and  form  as  it  ought  to  be,  so  as  to  render  the 
whole  work  perfectly  safe  and  secure,  and  so  as  to  fully  answer  all 
the  purposes  intended,  'short  of  a  heap  of  cash.'  I  think  you 
can  find  a  man  that  will  be  willing  to  undertake  said  work,  and 
find  surety  for  its  accomplishment  and  safety,  for  one  hundred 
and  fifty  thousand  dollars;  and  after  the  subject  is  fully  detailed, 
perhaps  a  less  sum  may  answer.  If  you,  gentlemen,  shall  think 
this  partial  report  worth  consideration,  and  will  shortly  wait  upon 
me  by  Committee,  or  otherwise,  I  will  let  you  know  who  that 
man  is." 

After  some  negotiation  a  contract  was  made  with  Mr.  Cooley 
for  the  erection  of  the  dam,  locks  for  the  navigation,  and  the  fore- 
bay  with  its  head  arches  for  the  supply  of  the  wheels  and  pumps 
of  the  water  works,  for  the  sum  of  one  hundred  and  fifty  thousand 
dollars.  His  plan  upon  which  the  dam  was  built  was  as  follows : 
The  dam  was  all  upon  the  rock  extending  diagonally  up  stream, 
the  overfall  was  1204  feet  long,  with  a  mound  dam,  on  the  east 
end,  of  270  feet;  it  was  made  of  cribs  of  round  hemlock  timber, 
sunk  in  the  deep  water  which  extended  about  four  hundred  and 
fifty  feet  in  length,  to  the  depth  of  31  feet  from  the  comb  of  the 
dam ;  in  the  deep  water  the  cribs  were  40  to  50  feet  long  up  stream, 
and  about  17  feet  wide;  in  shallow  water  and  where  they  were  on 
rock,  dry  at  low  tide,  they  were  from  20  to  25  feet  long  up  stream ; 
they  were  filled  with  stone  and  planked  on  the  up  stream  ends 
and  top  with  3  inch  hemlock  joists;  the  whole  was  backed  and 
covered  over  the  top  surface  of  the  dam  with  stone,  rubble  and 
gravel.  The  section  of  this  dam  is  shown  on  drawing  No.  2, 
which  also  shows  the  coffer  dams  used  in  rebuilding  it  in  1842-3. 

Mr.  Cooley's  first  soundings  were  made  on  Feb.  21st,  1819;  the 
building  of  the  dam  was  commenced  April  19th,  1819;  the  last 
crib  was  sunk  June  25th,  1821. 

The  water  flowed  over  it  for  the  first  time  July  23d,  1821.  The 
use  of  the  steam  engines  was  discontinued  and  the  whole  supply 
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would  have  withstood  a  considerable  now  ot  water  over  it,  which 
that  of  the  previous  year  never  would  have  done. 
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use  of  the  steam  engines  was  discontinued  and  the  whole  supply 
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pumped  by  the  water  wheels  Oct.  25th,  1822.  This  dam,  which 
was  very  imperfectly  built,  mostly  of  small  sized  round  hemlock 
logs,  put  together  with  two  inch  wooden  "  treenails,"  became  so 
much  decayed  as  to  be  declared  unsafe ;  and  on  the  2d  of  May, 
1842,  the  work  of  its  entire  reconstruction,  above  low  water  mark, 
was  commenced  by  day-work,  under  a  general  superintendent  and 
a  wharf  builder,  Frederick  Graff,  Senior,  being  at  the  time  the 
Chief  Engineer  of  the  Water  Department.  The  old  dam  was  en- 
tirely removed  from  low  tide  up,  the  timbers  being  so  much  de- 
cayed that  they  were  only  held  in  place  by  the  stone  filling.  The 
old  cribs  below  low  tide  having  been  constantly  submerged  were 
sound,  and  therefore  were  allowed  to  remain,  after  being  decked 
over  with  heavy  white  oak  logs;  upon  this  the  new  dam  was  con- 
structed, as  appears  in  the  section  marked  A,  on  drawing  No.  2 — 
herewith  shown. 

The  whole  of  the  new  structure  is  of  white  pine,  framed  and 
bolted  together  with  wrought  iron  spikes;  after  being  carefully 
packed  with  stone,  a  deck  of  white  oak  was  put  upon  it. 

Two  sections  of  coffer  dam  were  used  the  first  year,  and  six 
hundred  and  thirty -five  feet  of  the  dam  was  finished.  A  severe 
freshet  occurred  during  the  progress  of  the  work,  the  water  rising 
so  high  as  to  commence  flowing  over  the  coffer  dam;  serious  dis- 
aster involving  the  cutting  off  of  the  entire  water  supply  of  the 
city  was  only  averted  by  the  employment  of  a  large  force  of  men 
to  keep  the  water  from  flowing  over  the  top  of  the  coffer,  an  oc- 
currence which  would  have  proved  fatal,  and  the  very  fortunate 
timely  decline  in  the  height  of  the  freshet.  Six  hundred  and 
thirty-five  feet  of  the  dam  was  finished  in  this  year. 

In  1843  the  work  was  continued;  Mr.  Michael  Towers,  who  had 
much  experience  in  such  structures,  obtained  upon  several  of  the 
dams  of  the  Schuylkill  Navigation,  being  employed  to  superin- 
tend the  work.  As  the  dam  of  this  season  was  founded  entirely 
upon  the  rock  mostly  dry  at  low  tide,  it  was  carried  on  with  less 
danger  and  difficulty,  the  manner  of  framing  the  timber  work 
was  much  improved  over  that  of  the  previous  year,  with  less 
waste  of  strength  and  material,  as  is  shown  in  the  section  marked 
B,  on  drawing  No.  2.  The  coffer  dam  was  constructed  so  that  it 
would  have  withstood  a  considerable  flow  of  water  over  it,  which 
that  of  the  previous  year  never  would  have  done. 
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The  original  Cooley  dam,  as  has  been  stated,  was  very  roughly 
constructed,  the  logs  being  in  some  cases  very  wide  apart  and 
poorly  secured  to  each  other;  the  last  crib  put  in  June  25th,  1821, 
was  floated  into  place  and  never  fitted  accurately  to  those  adjoin- 
ing it,  the  stone  filling  worked  out  by  the  recoil  of  the  water  dur- 
ing freshets,  its  condition  became  so  bad  that  it  was  deemed 
necessary  to  sink  new  cribs  in  the  deep  water  in  front  of  the  old 
dam  and  carried  up  to  a  level  a  little  above  low  tide.  This  work 
was  done  in  1865 — the  crib  being  framed  of  hemlock  and  extend- 
ing thirty  feet  down  stream  from  the  front  of  the  dam,  was  decked 
with  oak  timber  ten  inches  thick.  The  sinking  of  this  crib  ap- 
pears to  have  been  in  the  hands  of  irresponsible  contractors  who 
finally  abandoned  the  work ;  during  its  progress  several  freshets 
occurred,  and  in  consequence  it  could  not  be  entirely  relied  upon, 
subsequently  when  the  present  dam  was  built,  it  was  considered 
safest  to  sink  another  crib  in  front  of  it. 

The  last  dam  was  commenced  June  1st,  1872  (the  writer  being 
at  the  time  Chief  Engineer  of  the  Water  Department),  under  the 
general  superintendence  of  Robert  W.  Bowers.  It  is  built  in  front 
of  the  old  one,  is  upon  the  rock  at  the  west  end  and  upon  the  crib 
that  was  sunk  in  1865,  at  the  east  end.  At  the  extreme  eastern 
end  a  crib  of  solid  timber  was  sunk,  upon  which  was  built  a  stone 
pier,  forming  an  abutment  for  the  new  dam.  About  forty  feet 
of  the  new  work  remained  unfinished  at  the  end  of  the  summer 
of  1872.  The  work  was  completed  under  another  head  of  depart- 
ment and  superintendent  in  the  next  season,  without  any  material 
change  in  the  plan  of  the  previous  year. 

The  drawing  (herewith  No.  3)  shows  a  section  of  all  the  dams, 
as  they  now  exist,  as  well  as  their  ground  plans.  The  form  of 
overfall  of  the  last  dam,  it  will  be  seen,  is  an  improvement  over 
those  previously  built,  as,  by  this  form,  floating  timber  and  other 
matter  is  projected  forcibly  away  from  the  face  of  the  work,  and 
does  not  return,  by  recoil,  against  it,  as  was  the  case  with  the 
previous  section 

In  1871,  efforts  were  made  to  obtain  appropriations  for  building 
a  stone  dam,  instead  of  that  built  of  timber  in  1872;  but  the  sum 
estimated  to  do  this  was  considered  too  high,  and  for  that  and  for 
other  reasons  the  project  was  abandoned. 
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CALORIMETRIC  TESTS  OF  BOILERS. 

Bj  J.  K  CoDMAV,  Actire  Member  of  the  Clnb. 
Read  June  ^ih,  1886. 

Tests,  for  the  quality  of  steam  furnished  by  three  diflferent 
forms  of  boilers  in  common  use  in  Philadelphia,  were  made,  for 
the  purpose  of  obtaining  data  to  be  used  in  the  selection  of  ad- 
ditional boiler  capacity. 

The  apparatus  used  for  determining  the  quality  of  steam  was 
a  wooden  barrel,  large  enough  to  contain  about  230  lbs.  of  water, 
constructed  for  the  purpose,  the  depth  being  considerably 
more  in  proportion  to  the  diameter  than  usual.  The  steam-pipe 
was  carried  to  the  bottom  of  the  barrel,  and  a  number  of  small 
holes  drilled  in  the  side,  the  end  being  plugged  up.  A  side 
attachment  was  made,  by  which  the  steam  could  be  blown 
through  the  pipe,  before  turning  it  into  the  barrel.  The  barrel 
was  placed  on  a  scale  weighing  to  J  ounces,  and  200  lbs.  of  water 
and  10  lbs.  of  steam  were  used. 

The  temperature  was  taken  with  a  Centigrade  thermometer, 
graduated  to  -^  degree.  An  observation  was  taken  every  fifteen 
minutes,  and  the  condition  of  the  fires,  running  of  the  engine, 
and  other  notes  were  made  at  the  same  time.  It  was  found  that 
the  loss  from  radiation  of  the  mixture  was  inconsiderable,  as  the 
temperature  did  not  fall  more  than  -^^^  of  a  degree  Centigrade  in 
five  or  six  minutes. 

The  first  series  of  tests  were  made  on  the  plain  cylinder  boilers, 
30  ft.  long  and  4J  ft.  in  diameter,  to  the  bottom  of  which  were 
attached  two  mud-drums,  22  ft.  long  and  28  in.  in  diameter. 
Boilers  and  mud-drums  were  set  in  brick-work  and  externally 
fired.  The  quality  of  steam  obtained  from  these  boilers  varied 
greatly  according  to  the  condition  of  the  fires  and  height  of  the 
water  in  the  boilers.  The  greatest  per  cent,  of  moisture  obtained 
was  17  per  cent.,  with  fresh  fires,  and  the  water  above  the  aver- 
age height;  pressure  in  the  steam-guage  increasing,  reducing  the 
steam  space  30  per  cent. ;  steam  escaping  freely  from  the  safety- 
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valves,  besides  what  was  required  to  run  two  Worthington 
engines,  pumping  five  and  seven  and  a  half  million  gallons  per 
24  hours.  The  least  amount,  1.6  per  cent.,  was  found  when  the 
water  was  low  in  the  guages,  and  the  maximum  amount  of  steam 
space  was  available  for  storage;  steam  pressure  falling.  Steam 
for  the  samples  was  taken  from  the  side  of  the  main  steam-pipe, 
leading  to  the  engine  through  an  1 J  inch  valve,  and  connections 
reduced  to  f  inch  about  2  ft.  from  the  steam-pipe,  and  leading 
thence  to  the  barrel.  The  pipe  was  covered  with  felt,  to  reduce 
the  loss  of  temperature  from  radiation  to  a  minimum. 

The  second  series  of  tests  were  made  on  what  are  commonly- 
called  the  double-deck  form  of  boilers.  The  lower  cylinder  was 
6  ft.  diameter,  12  ft.  long,  containing  ninety-two  four-inch  tubes. 
The  upper  cylinder  4  ft.  diameter,  13  ft.  long,  connected  to  the 
lower  cylinder  by  three  necks  14 J  in.  diameter,  9  in.  long.  Boilers 
and  drums  set  in  brick-work  and  externally  fired.  The  heat  and 
flame  passing  under  the  lower  cylinder  and  through  the  tubes  to 
the  front  of  the  boiler,  returning  under  the  upper  cylinder  to  the 
stacks. 

The  water  is  usually  carried  high  enough  to  about  half  fill  the 
upper  cylinder.  This  arrangement  generally  produces  very- 
moist  steam,  especially  if  the  boilers  are  forced  to  any  extent. 
The  water-line  in  the  boilers  under  observation  was  arranged  so 
that  the  maximum  height  in  the  upper  cylinder  was  14  in.,  and 
the  minimum  3  in.,  as  measured  from  the  bottom  of  the  cylinder, 
making  the  upper  cylinder  practically  a  super-heater. 

Samples  of  steam  for  the  tests  were  taken  out  of  the  14  inch 
main  steam-pipe  leading  to  the  engine,  about  60  ft.  from  the 
boilers.  The  attachment  for  samples  of  steam  was  made  with  a 
1 J  in.  pipe,  about  12  in.  long,  and  cut  in  half  longitudinally,  and 
tapped  into  the  side  of  the  steam-pipe,  and  carried  inside,  so  as 
to  nearly  reach  across  the  pipe. 

An  IJ  in.  stop-valve  was  placed  in  this  pipe,  about  8  in.  from 
the  outside  of  the  main  steam-pipe.  Beyond  this  the  pipe  was 
reduced  to  J  in.  diameter,  and  continued  to  the  barrel.  Tests  were 
made  every  fifteen  minutes  during  the  day.  And  a  sufficient 
number  were  taken  under  the  varying  conditions  of  cleaning 
fires,  high  and  low  water,  and  high  and  low  steam,  to  give  a  fair 
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sample  of  the  average  quality  of  the  steam  furnished  in  the 
ordinary  working  of  the  boiler. 

Steam  was  used  to  supply  the  rotative  compound  20  million 
gallon  engine,  cutting  ofiF  steam  at  about  J  stroke,  and  pumping 
at  the  rate  of  about  16  million  gallons  per  day,  134  ft.  high.  At 
the  time  the  tests  were  made,  steam  from  these  boilers  was  used 
for  no  other  purpose,  except  to  supply  donkey  pump  feeding 
boilers.  The  steam  from  these  boilers  was  found  to  vary  from 
10  per  cent,  to  2  per  cent.  Varying  as  the  water  was  high  or 
low  in  the  upper  cylinder,  and  the  steam  rising  or  falling. 

It  was  noted  that  in  no  case  was  the  change  of  condition  in 
the  boiler  followed  immediately  by  a  change  in  the  quality  of 
the  steam;  an  interval  of  from  30  to  45  minutes  elapsing  before 
the  steam  changed.  This  was  no  doubt  due  to  the  fact  that  the 
boiler  capacity  was  far  in  excess  of  the  amount  required  to  run 
the  engine. 

The  third  series  of  tests  were  made  on  the  Marine  tubular 
boilers,  10  ft.  10  in.  long,  11  ft.  6  in.  diameter,  containing  two 
corrugated  furnace  flues  and  188 — 3  in.  tubes,  with  one  steam 
drum  3  ft.  6  in.  diameter,  12  ft.  6  in.  long,  connected  to  two  boilers. 
These  boilers  are  internally  fired,  and  so  arranged  that  the 
escaping  gases  pass  off  through  the  tubes,  and  under  the  drum 
before  entering  the  stack.  Ten  boilers  running  and  supplying 
steam  for  two  15  million  gallon  Worthington  pumps. 

Steam  for  samples  was  taken  from  the  main  steam-pipe,  about 
16  ft.  from  the  boilers,  connection  was  made  with  a  2  inch  pipe 
and  stop-valve.  Reduced  to  |  in.  about  2  ft.  from  the  main  pipe 
and  continued  to  the  barrel.  Steam  from  these  boilers  was  found 
to  show  but  slight  variation,  ranging  from  9  to  6  per  cent,  of 
moisture. 

The  average  of  all  the  tests  for  each  kind  of  boiler  was  found 
to  be  for  the 

Cylinder,        .        .        •        4.05  per  cent. 
Double-decked  tubular,         4.66    "      " 
Marine  tubular      .        .        6.91    "      " 

Comparing  the  results  as  given  in  the  annexed  table,  it  is 
found  that  the  cylinder  boilers,  driven  to  their  full  capacity, 
still  furnished  a  fair  sample  of  steam;  while  the  double-deck 
VOL.  v. — 26. 
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boiler,  doing  only  one-third  capacity,  furnished  an  average 
quality  of  steam ;  and  the  Marine  boilers,  doing  nearly  the  full 
capacity,  furnished  steam  containing  2^  per  cent,  more  moisture 
than  either  of  the  other  two  furnished. 

Comparing  with  the  evaporative  eflBciency  of  6  lbs.  of  water 
per  pound  of  coal,  at  given  pressure  and  temperature  for  the 
double-deck,  and  6.3  lbs.  for  the  Marine  boilers;  and  allowing 
for  the  2 J  per  cent,  more  of  moisture  in  the  steam,  the  Marine 
boilers  will  give  24  per  cent,  better  results  than  the  double-deck. 

Comparing  this  with  the  amount  of  work  performed,  it  is  found 
the  Marine  boilers  were  doing  43  per  cent,  more  work,  show- 
ing an  advantage  in  favor  of  the  internally  fired  Marine  boilers^ 
both  in  evaporative  efficiency  and  quantity  of  steam  furnished. 
In  comparing  the  amount  of  steam  furnished  by  each  kind  of 
boiler,  the  steam  was  computed  from  the  indicator  cards,  for 
double-deck  and  Marine  boilers,  taken  from  the  engines  running 
at  the  time  the  tests  were  made.  This  therefore  accounts  for  the 
small  figure  of  evaporation  given  in  the  table,  as  only  about  75 
per  cent,  of  the  steam  can  be  accounted  for  by  the  indicator  card. 
For  the  cylinder  boilers  it  is  from  the  actual  amount  of  water 
weighed  and  pumped  into  the  boilers.  Therefore  no  comparison, 
on  the  same  basis  can  be  made  with  the  other  boilers. 
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Table  showing  REsin^Ts  of  Calobimetric  Tebtb  of  thbex  different  Forms 

OF  Boilers. 


^Description  of  boilers  .... 

'Nnmber  of  boilen  in  use    .   . 
'Diameter  of  boilers  in  feet  .   . 
^Number  of  tubes  in  each  boiler 
^uare  feet  of  fire  surface  (total) 
•      "       "    "  tube 
^Total  heating  surface 


it 


u 


"Date  of  tests 

'Number  of  tests  each  day  .   .   . 

'^Highest  steam  pressure  oy  guage 

"Lowest       "  "        '^      " 

"Average     "  "        •*       " 

^Height  of  water  in  upper  drum 

^^Averaee  temperature  otfeed  water 
to  boilers 

^Average  temperature  of  feed  con- 
densing water 

^Average  temperature  of  external 
air , 

"Pounds  of  steam  taken  from  boiler 
per  hour,  measured  from  in- 
dicator card 

'"Pounds  of  steam  from  boiler  per 
hour,  measured  by  water  act- 
ually weighed  and  pumped 
into  boilers 

^'Pounds  of  steam  per  so.  foot  of 
heating  surface  (per  hour)    . 

^Horse  power  developed  from  in- 
dicator card 

"Pounds  of  steam  per  horse  power 
per  hour 

"Pounds  of  coal  burned  per  hour 

''Pounds  of  coal  per  sq.  ifx.  of  grate 
surface  per  hour 

"^Pounds  of  water  evaporated  per 
pound  of  coal  from  actual 
pressure  and  temperature  .    . 

'^Average  per  cent,  of  moisture  in 
the  steam  for  each  day  .   .   . 

''Average  per  cent  of  moisture  in 
three  oars 


Marine  Tubular 

10 

11} 

188  (3^0 

13(M)  (8.7  per  cent.) 

14150 

16510 

May,  1886. 

8d       5th       6th 

9  8  18 

58         56        58 

53        53        54 

56       54}        55 


120  F. 
66 
60 


7.3 


120 
70 
72 


19.980 


1.29 

832 

24 
3170 

7.54 


6.3 
6.05 


6.91 


120 
70 


61 


20.880 


1.35 
889 

23} 

3358 

8.00 


6.2 

7.4 


Double-Deck 

Tubular 

5 

6 

92  (4^0 

720  (10.5  per  cent.) 

6135 

6855 


20th 

16 

58 

47 

53} 

12  to  5 

140 

68 

65 


April,  1886. 


«       •       • 


5.75 


2l8t 

16 
55 

51 
53 

12to8 

140 

69 

54 


6350 


.92 

391 

16.1 
1270 

7.5 

5.00 
4.62 
4.66 


22d 
6 
56 
51 
54 
11  to  9 

140 

69 

66 


3.62 


Cyl- 

INDEB. 

8 
4} 

*4d(K> 


Pb.'8^ 
10th 
16 
43 
40 
41} 


1131 
43 
40.8 


19.667* 
4.9^ 


3063: 
16.32 

6,1& 
4.0& 
4.06 


Comparison  of  Results  between  Marine  and  Double-deck  Boilers. 

'^Difference  in  favor  of  double-deck  boiler  in  quality  of  steam,  ....  2.25  per  cent., 

"        "  "      "    "  Marine  boiler  in  economic  evaporation,  in  lbs.,  1.25 

"Less  26  per  cent,  for  moisture  in  steam,  pounds, 1.22 

"Per  cent,  in  favor  of  Marine  boiler  in  economic  evaporation,  ....       24 
'^Difference  in  favor  of  Marine  boiler  in  water  evaporated  per  aq.  ft. 

of  heating  surface  in  lbs.  0.4 43 

Note. — Same  quality  and  size  of  coal  used  under  all  the  boilers  during  the  testsw. 


u 


u 


li. 
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TAPER  OF  STEAM  JETS. 

Bj  Geoboe  R.  Henderson,  Active  Member  of  the  Club. 

Bead  June  5^  1886. 

A  short  time  ago,  I  was  designing  some  apparatus,  for  which 
it  was  desirable  to  know  the  angle  or  taper  of  a  jet  of  steam 
issuing  from  a  circular  orifice. 

Information  on  this  subject  seems  to  be  very  scarce;  therefore 
it  was  decided  to  determine  the  shape  of  the  jet  by  experiment. 

After  considering  various  methods  for  obtaining  a  correct  out- 
line, we  concluded  that  the  easiest,  quickest,  and  most  reliable 
would  be  to  photograph  the  jet,  as  it  was  issuing  from  the  nozzle. 
This  way  had  several  advantages — it  could  be  taken  instantane- 
ously  between  any  puffs  of  wind  that  would  tend  to  disturb  it, 
and  the  angle  could  then  easily  be  measured  off  directly  from 
the  photograph. 

A  2"  pipe  was  led  off  from  the  main  steam-pipe  of  the  boilers, 
terminating  in  a  tee  and  reducer,  into  which  the  smaller  sizes 
for  the  nozzles  were  screwed,  pointing  upwards. 

The  camera  was  so  located  that  the  jet  was  seen  on  the  ground 
glass  projected  upon  a  sheet-iron  stack,  painted  black,  which 
was  about  12  feet  in  the  rear,  the  camera  being  about  12  feet  in 
front  of  the  jet.  Three  sizes  were  experimented  with,  J",  J",  and 
f "  openings.  The  nozzles  were  made  of  gas  pipe,  a  \"  larger 
size  than  the  opening,  the  ends  being  swedged  down  to  the  size, 
tapered  in  about  |"  of  the  length.  The  pressures  were  95  and 
145  lbs.  per  square  inch. 

The  location  was  tolerably  well  sheltered  from  the  wind,  and 
the  exposures  were  made  when  the  air  was  comparatively  quiet. 
As  will  be  noticed  in  the  photographs,  the  sides  of  the  jet  are 
almost  perfectly  straight  lines.  The  angle  was  determined  by 
drawing  lines  on  the  prints  corresponding  with  the  sides  of  the 
cone,  bisecting  this  angle,  and  then  measuring  oflF  two  ordinatee 
from  this  centre  line,  a  certain  distance  (2'')  apart.  The  differ- 
ence of  the  ordinates  divided  by  the  distance  between  them  (2"), 
gave  the  natural  tangent  of  half  the  angle  of  the  cone. 
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With   \"  nozzle  and  95   lbs.  pressure,  the  half-angle  was 
11°  19'. 

\"  nozzle,  96  lbs., 11°  39' 


I" 

r 


ii 

a 
a 


u 


145 

U 


(( 


t( 

a 
It 


13°  5' 
12°  4' 
10°  54' 
11°  27' 


It  will  therefore  be  seen  that  the  greatest  diflTerenee  between 
any  two  was  little  over  2°,  the  J"  nozzle  at  95  lbs.,  and  the  |"  at 
145  lbs.,  giving  the  maximum  and  minimum  angles  respect- 
ively. Inspection  of  the  results  also  shows  that  the  angle  does 
not  seem  to  vary  according  to  any  law  relatively  either  to  the 
pressure  or  size  of  nozzles. 

Taking  the  mean  of  the  two  extremes,  we  have  an  angle  of 
12°;  the  average  half  angle  of  the  six  experiments  gives  11°  44', 
or  as  the  tangent  of  this  angle  is  about  .2,  we  may  call  the  taper 
of  the  sides  of  the  cone,  1  in  5. 

I  would  add  that  I  am  indebted  to  Mr.  W.  E.  Hall,  Member 
of  the  Club,  for  his  assistance  in  making  these  experiments. 


XXIX. 

THE  MOVEMENT  OF  ICE  IN  THE  DELAWARE  RIVER. 

By  Spencer  G.  McCobki^e,  Active  Member  of  the  Club. 

Presented  June  Idth,  1886. 


The  following  extracts  will  explain  the  appearance  of  this 
Report  in  these  Proceedings — Sec. 

U.  S.  CoAOT  AND  Geodetic  Subvey  Office, 

WaahingUm,  June  lOth,  1886. 
Mr.  F.  M.  Thorn,  Superintendent. 
Sib: — I  find  Mr.  McGorkles  Ice  Report  on  my  table.  «        »        *        *        ♦ 

Mr.  McOorkle should,  I  submit,  put  his  data  before  the  ''£ngineer6'  Club''  and  be- 
fore anj  Marine  Association  that  there  may  be  in  either  of  the  three  states,  that  so 
interesting  a  theme  and  report  may  have  the  benefit  of  interested  discussion. 

Very  Respectfully 
(Signed)  Henry  Mitchell, 
Coast  and  Geodetic  Survev. 
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U.  S.  Coast  and  Geodetic  Survey  Office, 

WaMngUm,  June  10^,  1886. 

8.  C.  McCorkle,  Assistant  C.  &  G.  Survej,  Philadelphia,  Pa. 

Deab  Sib: — In  a  letter  of  this  date  referring  to  your  report  on  the  Movements  of 
Ice  in  the  Delaware  River,  Assistant  Henry  Mitchell  suggests  that  you  be  authorized 
to  submit  your  Report  and  data  obtained  by  your  observations,  to  the  "Engineers'  Club 
of  PhUadelphia."  *♦**»***♦»«♦ 
You  are  authorized,  as  suggested  by  Assistant  Mitchell,  to  communicate  the  results 
of  your  ice  observations  to  the  Engineers'  Club.     «*«***♦ 

Yours  Respectfully 
(Signed)  F.  M.  Thorn, 
Superintendent. 

U.  S.  Coast  antd  Geodetic  Survey  Sub  Office, 

PkUaddphia,  June  26th,  1886. 
Mr.  Howard  Murphy,  Sec.  and  Treas.  Engineers'  Club,  Philadelphia  Pa. 

Dear  Sir: — ^By  authority  of  the  Superintendent  of  the  C.  &  G.  Survey,  and  at  the 
suggestion  of  Prof.  Henry  Mitchell,  Assistant  C.  &  G.  Survey,  I  herewith  enclose  a 
copy  of  my  Report  on  the  Movement  of  Ice  in  Delaware  Bay  and  River  during  the 
winter  of  1886.  I  have  included  in  the  documents  accompanying  this  report, 
copies  of  the  letter  of  the  Superintendent,  and  Prof.  Mitchell,  and  also  abridged 
copies  of  notes  in  the  form  of  Appendices  numbered  1.  2.  3.  4.  6.  The  originals  are  at 
this  office. 

It  is  with  diffidence  that  I  place  before  the  Club,  a  report  that  was  not  intended  for 

aught  but  a  commencement  of  a  series  of  observations  and  for  the  Superintendent. 

I  have,  therefore,  to  say  to  any  Member  of  the  Club  who  may  chance  to  look  over 

my  report,  that  I  have  been  trying  to  solve  a  very  difficult  problem  and  will  be  truly 

thankful  to  any  one  who  will  help  me  on  my  way. 

Yours  very  truly 

Spencer  C.  McCorkie, 

Assistant  C.  &  G.  Survey. 


Mr.  M.  F.  Thorn, 

^    Superintendent  Coast  and  Geodetic  Survey, 

Washington,  D.  C. 
Sir: 

In  accordance  with  your  instructions  of  January  4th,  to  "ob- 
serve movement  of  ice  in  the  Delaware  River,"  I  have  to  report 
as  follows,  viz: 

Through  Capt.  Geo.  B.  White,  U.  S.  N.,  and  Light-house  In- 
spector Fourth  District,  I  obtained  an  order  from  the  Light-house 
Board,  instructing  the  keepers  of  light-houses  to  make  observa- 
tions for  temperature,  and  the  movement  of  the  ice,  during  the 
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months  of  January,  February,  and  March.  I  selected  the  keepers 
of  eleven  (11)  lights,  viz. :  Horseshoe  Range  Beacon,  Mouth  of 
Schuylkill  do.,  Billingsport,  Schooner  Ledge,  Cherry  Island 
Flats,  Deepwater  Point,  Finn's  Point,  New  Castle,  Reedy  Island, 
Ship  John,  Cross  Ledge,  and  the  keepers  of  the  14  foot  bank 
light-ship,  and  Delaware  Breakwater.  I  have  received  reports 
from  all  except  the  light-ship,  which  was  removed  from  her 
station,  on  account  of  the  ice,  too  soon  after  instructions  were 
received  to  be  of  use. 

Thirteen  thermometers  were  sent  to  the  various  light-houses, 
one  of  which  was  broken  by  accident,  at  the  light-house,  and  two 
(2)  remain  at  this  office — making  fifteen  (15)  in  all,  the  number 
for  which  my  requisition  was  made. 

I  have  also  received  reports  from  the  masters  of  the  "  Winsor  " 
line  of  steamers,  the  Philadelphia  and  Reading  R.  R.  steam 
colliers,  and  the  Trustees  of  City  Ice-boats. 

I  shall  divide  my  report  into  three  sections,  viz.: 
Number  One,  From  Philadelphia  to  Billingsport. 
Number  Two,  From  Billingsport  to  New  Castle. 
Number  Three,  From  New  Castle  to  Delaware  Breakwater. 

(The  general  opinion  is  that  the  most  difficulty,  by  reason  of 
ice,  is  found  in  the  vicinity  of  the  Horseshoe,  Billingsport,  and 
Fort  Delaware.) 

Section  No.  One.    Philadelphia  to  Billingsport. 

The  river  was  frozen  over  on  the  night  of  January  10th,  and 
the  ice  continued  in  the  coves  and  on  the  shoals  until  February 
14th.  There  was  some  little  heavy  ice  in  March,  but  not  enough 
to  do  any  harm.  The  extreme  cold  spells  were  between  January 
10th  and  15th,  23d  to  25th— February,  from  the  3d  until  the  7th, 
and  on  the  27th  and  28th — March  1st  and  2d. 

The  extreme  cold  in  the  first  part  of  January  was  a  benefit  to 
navigation  in  one  sense,  for  the  ice  in  the  coves,  and  on  the 
shoals,  remained  solid,  or  nearly  so,  during  the  entire  period  of 
fi*eezing  weather,  and  the  channel  only  was  opened  by  the  ice- 
boats. 

Beginning  at  the  head  of  Petty^s  Island,  my  observations  go  to 
show  that  the  dike,  built  last  fall  by  the  engineer  in  charge  of 
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the  improvement  of  the  Delaware  River,  from  Fisher's  Point  in 
the  direction  of  Petty's  Island,  had  the  effect  of  causing  a  greater 
volume  of  water  to  flow  through  the  western  or  Philadelphia 
channel,  and  in  consequence  the  river  from  Five  Mile  Point 
down  has  been  less  obstructed  by  ice  than  at  any  time  within 
my  knowledge.  I  have  conversed  with  the  inhabitants  in  this 
vicinity — many  of  whom  agree  with  me  in  this  opinion. 

The  river  in  front  of  the  city  has  also  been  less  obstructed  by 
ice  than  usual,  possibly  owing  in  part  to  the  conditions  above 
stated,  very  largely  to  the  powerful  ferry-boats;  these  boats,  con- 
sisting of  four  lines,  have  been  enabled  to  make  regular  trips 
with  very  few  exceptions — notably  on  the  14th  of  February,  when 
the  up-river  ice  came  down,  a  full  account  of  which  will  be  found 
in  Appendix  No.  5. 

The  Horseshoe  has  given  less  trouble  than  usual,  owing  to  the 
ice  remaining  solid  in  the  coves  and  on  the  flats.  The  channel 
was  kept  open  by  the  ice-boats,  when  necessary,  and  with  the 
exception  of  a  few  hours  on  some  days  during  the  ice  period, 
there  was  very  little  detention,  and  then  only  to  steamers  of  in- 
suflBcient  power,  and  to  vessels  that  started  at  the  wrong  time  of 
the  tide.  The  solid  ice  in  the  coves  acted  as  a  receiver  for  much 
of  the  floating  ice,  and  the  channel  was  something  like  a  canal 
in  the  middle  of  the  river,  in  which  ice  floated  up  and  down  with 
the  tide,  and  sometimes  was  entirely  clear. 

Between  the  "Shoe"  and  Fort  Mifflin,  including  the  full  front 
of  the  Navy  Yard  at  League  Island,  the  channel  was  generally 
free,  but  further  down  from  Fort  Mifflin  to  Tinicum  Island,  pass- 
ing Billingsport,  it  was  often  badly  obstructed,  more  or  less 
affected  by  all  winds,  but  a  strong  northerly  wind  sends  the  ice 
down  very  fast  on  the  ebb.  The  prevalence  of  westerly  winds 
makes  the  western  channels  clear.  All  the  eastern  channels  are 
more  or  less  obstructed  by  ice. 

Steam  power  is  the  solvent  of  the  ice  problem,  and  will  be  until 
the  river  is  improved.  The  large  steamships  had  no  detention 
of  note — courage,  and  a  strong  full-powered  steamship  care  very 
little  for  the  Delaware  ice,  but  the  wooden  vessels,  notably 
schooners,  were  generally  laid  up  during  the  ice  season.  I  learn 
that  it  was  more  on  account  of  the  high  price  of  towage  than  of 
ice. 
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The  tug-boats  are  too  small  to  tow  when  there  is  ice,  they  have 
so  little  beam  that  after  they  pass  through  the  ice  it  closes 
up  in  their  wake,  and  the  vessels  that  are  being  towed  have  no 
defence; — what  is  wanted  at  this  port  are  two  large  propeller 
tow-boats  of  at  least  30  feet  beam  and  full  powered.  These,  taken 
in  connection  with  the  ice-boats,  could  take  care  of  the  naviga- 
tion of  the  river.  Or  the  ice-boats  could  give  notice  that  every 
day  at  a  certain  hour  (depending  on  the  tide)  they  would  be 
ready  to  convoy  a  fleet  up  and  down.  Many  persons  besides 
myself  approve  of  this  action. 

City  Ice-Boat  No.  1  rendered  efficient  service  in  this  section, 
aided  from  time  to  time  by  Nos.  2  and  3.  The  ice-boat  reports, 
and  the  reports  of  the  "Winsor "  line  of  steamships,  will  be  found 
in  the  4to  volume  accompanying  this  report.  Also  report  of 
light-house  keepers  at  Horseshoe  Range  Beacon,  Mouth  of 
Schuylkill  Range  Beacon,  and  Billingsport  Light,  in  Appendix 
No.  3. 

Section  No.  Two.    From  Billingsport  to  New  Castle. 

From  Billingsport  to  Chester  seems  to  be  the  worst  part  of  this 
section,  owing  mostly  to  the  channel  being  on  the  eastern  side 
of  the  river.  I  have  observed  that  the  river  below  Claymont  has 
been  less  obstructed  by  ice  than  above,  although  the  ice  is  some- 
times very  bad  between  New  Castle  and  Claymont,  especially 
with  an  easterly  wind.  But  ^Hhe  meeting  of  the  waters"  is  the 
main  trouble — when  the  ice  is  heavy  there  is  always  a  difficulty 
at  the  lad  of  the  flood  and  first  of  the  ebb.  Controlled  somewhat 
by  the  winds. 

The  prevailing  winds  during  January,  February,  and  March 
were  northerly  and  westerly — more  of  the  latter.  By  glancing 
at  the  chart  the  explanation  and  effect  of  the  winds  is  shown 
better  than  I  can  explain  it  in  this  paper. 

The  eastern  channel  of  Cherry  Island  Flats  was  but  little  used, 
and  was  generally  full  of  ice. 

The  ice-harbors  at  Marcus  Hook  and  New  Castle  were  of  great 
assistance  to  vessels,  especially  to  the  smaller  craft ;  and  Ice-Boat 
No.  2,  with  headquarters  at  Marcus  Hook,  did  efficient  service. 

The  report  of  the  ice-boats  and  light-house  keepers  at  Billings- 
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port,  Schooner  Ledge,  Cherry  Island  Flats,  and  Deep  Water 
Point  will  throw  further  light  upon  this  section. 

The  keeper  of  Deep  water  Light-house  saw  visions  in  the  night — 
he  saw  "ice  piled  up  20  feet  high"  in  the  vicinity  of  his  station, 
and  also  " Icebergs"  which  is  considered  somewhat  remarkable. 
I  confess  that  I  did  not  see  any  thing  so  high,  or  so  deep  and 
wide,  but  he  was  always,  it  is  supposed,  on  the  spot,  and  I — 
was  not. 

I  noticed  less  piling  of  ice  than  at  any  previous  season. 

Section  No.  Three.    From  New  Castle  to  Delaware 

Breakwater. 

By  glancing  at  the  chart  of  the  river  in  the  vicinity  of  Fort 
Delaware,  it  will  at  once  be  seen  where  the  trouble  commences 
and  continues;  the  eastern,  or  ship  channel,  being  the  most 
obstructed,  except  when  the  wind  is  east,  and  the  obstruction 
quite  often  extends  to  Reedy  Island.  The  light  draught  steamers 
use  the  western  channel  almost  always,  while  the  ocean  steam- 
ships are  compelled  to  use  the  eastern  channel ;  but  even  with 
the  ice  at  its  worst,  I  have  heard  of  no  serious  detention  to  the 
ocean  steamships,  or  "Winsor"  line,  except  that  which  was 
caused  by  fog  or  low  water.     This  is  the  triumph  of  power. 

Below  Reedy  Island  there  is  sometimes  a  great  accumulation 
of  floating  ice;  on  Dan  Baker  Shoal  a  good  deal  of  fast  ice,  and 
so  on  down  the  Bay — whenever  and  wherever  the  tides  meet 
there  is  an  obstruction — more  or  less  affected  by  the  wind.  Some 
of  the  steam  colliers  were  in  the  ice  sometimes  24  hours,  between 
Brandywine  Light-house  and  Cross  Ledge  Light-house,  drifting 
up  and  down  with  the  tide. 

The  report  of  these  colliers  will  be  found  in  Appendix  No.  4, 
and  I  would  most  commend  the  report  of  Capt.  Seth  Hand,  Jr., 
master  of  the  "  Achilles." 

I  am  quite  aware  that  the  extremely  low  tides  of  this  season 
were  partly  caused  by  the  prevailing  northerly  and  westerly 
winds;  but  in  my  opinion,  there  was  another  cause.  In  many 
parts  of  the  river  the  ice  was  solid  during  the  whole  period  from 
January  10th  to  February  14th.  Much  of  the  floating  ice  would 
lodge  under  this,  and  ^  contraction  of  the  tidal  area  would  be 
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the  result — the  bar,  instead  of  being  the  bottom  of  the  river, 
would  be  a  little  above  it,  and  the  volume  of  the  flood  much 
lessened;  my  opinion  is  therefore,  that  during  a  partial  blockade 
of  the  river  by  ice,  a  much  less  quantity  of  water  was  drawn  by 
the  tide  from  the  sea  than  ordinary — a  full  blockade  would  be 
still  worse. 

I  had  occasion  to  refer  to  this  question  on  a  previous  occasion 
when  discussing  the  ice  problem.  In  the  winter  of  1885,  the  ice 
was  solid  across  from  Cooper's  Point,  N.  J.,  to  the  Kensington 
water  works  wharf,  on  the  Philadelphia  side.  The  floating  ice 
on  the  flood  packed  under  the  surface  ice  until,  in  some  places 
it  almost  reached  the  bottom. 

The  natural  current  of  the  river  being  small  in  the  winter 
season,  this  line  of  ice  might  be  called  the  head  of  the  tide,  and 
in  my  opinion  was  so,  for  at  least  twenty  days;  of  course  there 
was  some  flow,  but  it  was  very  small  comparatively. 

If  my  conclusions  are  worthy  of  attention,  I  would  suggest  the 
importance  of  tidal  observations  during  a  season  of  ice. 

Remarks  and  Suggestions. 

The  dike  at  Fisher's  Point,  and  the  contemplated  dredging  of 
the  bar  at  Five  Mile  Point  (proposals  for  which  have  been  in- 
vited), will,  in  my  opinion,  make  a  revolution  in  this  part  of  the 
river.  Already  there  has  been  a  marked  increase  in  the  flow  of 
water  through  the  western  channel. 

The  improvement  at  the  head  of  Smith's  Island,  as  recom- 
mended in  my  former  reports,  and  I  believe  every  one  agrees  as 
to  the  necessity  of  an  improvement  at  this  point,  should  be  sup- 
plemented by  a  renewal  of  the  dike  at  the  foot  of  Windmill 
Island,  by  the  removal  of  the  shoal  opposite  Greenwich  Point 
piers,  and  by  the  building  of  a  sea  wall  from  Greentmch  Point  to 
League  Island,  to  be  constructed  about  400  feet  inside  of  the 
^*Pier  Line"  (adopted  by  the  Harbor  Commission)  at  its  middle 
section.  The  importance  of  this  last  improvement  would  make 
a  report  in  itself,  and  must  be  left  for  another  time;  this  much 
I  can  say,  that  the  Delaware  is  a  great  river, — second  only  in 
importance  to  the  Mississippi.  The  time  will  come  when  its 
banks  will  be  protected,  and  by  so  doing  the  ice  troubles  will 
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be  much  decreased.  Thousands  of  acres  of  land  now  unpro- 
ductive will  be  brought  into  use,  and  a  great  benefit  to  naviga- 
tion will  follow.  There  is  at  this  time,  I  am  told,  no  better  lighted 
river  than  the  Delaware  in  the  world,  and  the  ranges  point  to 
positions  of  defence  of  the  channel  in  case  of  war. 

On  the  New  Jersey  side  of  the  Horseshoe  I  am  inclined  to 
think  that  the  building  of  dikes  would  be  violently  opposed  by 
the  people  of  that  state,  and  the  nearest  approach  to  the  solution 
of  that  problem  that  I  have  seen,  is  the  report  of  the  late  Col. 
I.  D.  Kurtz,  Corps  of  Engineers,  U.  S.  A.,  to  the  Chief  of  Engi- 
neers, in  1872.  Col.  Kurtz  was  a  distinguished  oflBcer  of  the 
Engineer  Corps,  and  had  given  great  attention  to  a  solution  of 
the  ice  problem.  An  extract  from  this  report  will  accompany 
this  paper,  Appendix  No.  1.  I  would  also  call  your  attention  to 
an  extract  from  the  report  of  Assistant  Engineer  E.  A.  Gieseler,. 
of  November,  1883,  which  is  also  appended.    (Appendix  No.  2.) 

Any  improvement  of  the  navigation  of  the  river  will  lessen  the 
difficulties  of  an  ice  blockade.  I  have  therefore  to  include  some 
mention  of  the  contemplated  improvements  in  the  river. 

A  dike  soon  to  be  constructed  from  Hog  Island  to  Maiden 
Island,  is  a  step  in  the  right  direction,  as  it  is  almost  impossible 
to  improve  the  Fort  Mifflin  bar  by  dredging  alone. 

The  increased  current  which  the  dike  is  expected  to  create^ 
will,  no  doubt,  in  time  scour  out  a  greater  depth,  and  I  hope  will 
at  the  same  time  wash  away  the  "Pier"  opposite  Fort  Mifflin, 
which  has  fulfilled  its  mission,  and  is,  I  think,  very  much  in  the 
way  of  improved  navigation.  The  problem  of  bringing  the 
course  of  the  flood  and  ebb  tides  nearer  to  each  other,  is  in- 
teresting. 

Just  here  I  would  protest  against  the  habit  of  depositing  the 
dredged  material  back  into  the  river,  either  above  or  below  the 
cut ;  this  practice  seems  to  me  to  be  a  reductio  ad  abmrdumy  the 
more  so  as  the  banks  of  the  river  are  generally  low,  and  require 
filling  in. 

The  shape  of  the  ice-piers  might  be  improved,  I  think,  and  not 
present  such  shoal  creating  barriers  as  at  present.  It  must  be 
borne  in  mind,  however,  that  I  have  had  very  little  opportunity 
of  inspecting  the  currents,  or  rather  the  action  of  the  same;  and 
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I  am  persuaded,  that  without  more  tidal  and  current  observa- 
tions, good  results  cannot  be  obtained. 

It  appears  to  me,  and  I  am  not  going  outside  of  the  ice  ques- 
tion either,  that  tidal  observations  should  be  made  for  at  least 
one  year  at  Cape  Henlopen,  Brandywine  Light-house,  Fourteeii 
Foot  Bank  Light-house  (soon  to  be  completed — October  15th), 
Cross  Ledge,  Ship  John,  Reedy  Island,  Fort  Delaware,  Edge- 
moor,  Chester,  Navy  Yard  (League  Island),  and  Qloster  Point, — 
arrangements  could,  I  think,  be  made  with  the  keepers  of  these 
light-houses.  The  number  of  stations  is  large,  but  the  import- 
ance of  the  river  is  very  great.  Well  connected  current  observa- 
tions are  also  needed  very  much. 

The  contemplated  improvements  by  dike  on  the  Bulkhead 
Shoal,  above  Fort  Delaware,  will,  no  doubt,  be  an  improvement. 
I  strongly  oppose  the  closing  of  either  channel  at  this  point. 
Col.  H.  M.  Robert,  Corps  of  Engineers,  U.  S.  A.,  who  has  charge 
of  the  improvements  of  the  Delaware,  while  availing  himself  of 
the  experience  of  his  predecessors,  will,  no  doubt,  mature  a  pro- 
ject, which  will  be  a  solution  of  the  trouble  on  Bulkhead  and 
Goose  Island  Shoals — any  improvement  will  lessen  the  diflficulties 
of  winter  navigation. 

Important  works  are  projected  for  improving  the  river  below, 
including  an  ice  harbor  below  Reedy  Island;  but  I  am  not  pre- 
pared to  do  more  than  mention  them  at  this  time. 

The  ice  in  the  lower  bay  will  be  always  troublesome  with  light 
winds  and  tides;  during  these  periods  the  ice  will  remain,  but  a 
strong  north  wind  will  blow  it  all  out  to  sea,  or  on  the  shoals 
and  in  the  coves. 

The  Delaware  Breakwater. 

This  harbor  seems  to  be  filling  up,  and  frequent  surveys 
should  be  made  to  determine  the  changes.  Certainly  the  harbor 
is  no  longer  of  as  much  importance  as  an  ice  harbor,  as  of  yore. 

The  Point  (Cape  Henlopen)  is  working  to  the  westward,  and 
unless  some  steps  are  taken  for  the  improvement  of  the  harbor — 
among  other  things,  for  preventing  the  drifting  sand,  which  dur- 
ing southerly  gales  blows  into  the  harbor  in  large  quantities — 
its  importance  will  continue  to  diminish,  and  it  will  be  only  fit 
for  small  craft. 
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Many  persons  think  that  the  ice-breaker  was  put  in  the  wrong 
place,  and  that  it  should  have  been  placed  on  the  "Shears."  Be 
that  as  it  may,  the  shoal  is  now  there  to  stay,  and  it  would  not 
be  surprising,  if  the  "Gap,"  between  the  south  end  of  the  Break- 
water and  the  Point,  should  fill  up.  Such  action  has  taken  place 
at  other  points  on  the  coast,  similarly  situated.  As  this  is  the 
only  harbor  between  Sandy  Hook  and  the  Chesapeake,  it  is  de- 
serving of  more  attention,  perhaps,  than  it  has  received.  What 
effect  the  closing  of  the  gap  between  the  Breakwater  and  the  ice- 
breaker would  have,  remains  to  be  seen. 

A  project  has  been  thought  of  for  dividing  the  ice-breaker, — 
leaving  spaces  through  which  the  sea  would  flow,  but  it  is  doubt- 
ful if  that  would  be  of  any  avail,  because  it  is  too  late.  The  ice- 
breaker fails  fully  to  protect  the  harbor,  owing,  I  suppose,  to  the 
shoaling  that  has  taken  place.  Many  vessels  were  carried  to  sea 
by  the  ice,  losing  anchors  and  chains,  and  some  vessels  were  cut 
through  by  the  ice  while  in  the  harbor,  a  full  account  of  which 
w^l  be  found  in  the  Appendix  No.  5. 

Referring  to  the  general  improvement  of  the  river,  I  have  long 
thought  that  if  the  amounts  spent  upon  the  creeks  and  branches 
had  been  expended  upon  the  main  river,  much  good  might  have 
been  done.  The  maxim  should  be:  improve  the  main  river 
first,  then  take  up  the  creeks. 

I  have,  as  far  as  possible,  tabulated  the  general  results  of  the 
season,  and  they  will  be  found  with  this  report. 

I  am  especially  indebted  to  Capt.  Geo.  B.  White,  U.  S.  N.,  and 
Inspector  of  Lights  Fourth  District,  to  Messrs.  Henry  Winsor  & 
Co.,  to  Capt.  J.  B.  Gallagher,  Superintendent  Philadelphia  and 
Reading  R.  R.  Steam  Colliers,  to  the  Board  of  Trustees  City  Ice- 
Boats,  through  their  Superintendent,  Capt.  Melville,  to  Col.  H. 
M.  Robert,  Corps  of  Engineers,  U.  S.  A.,  and  Mr.  E.  A.  Gieseler, 
Assistant  Engineer,  for  valuable  information,  courtesy,  and 
attention. 

By  permission  of  the  Board  of  Trustees,  I  was  allowed  to  copy 
the  log-books  of  the  City  Ice-Boats.  The  other  reports  I  have 
copied  from  the  originals  sent  to  me.  These  records  will  accom- 
pany this  report.  I  desire  to  keep  the  originals  in  my  possession, 
temporarily,  for  good  reasons. 
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an  aciive,  ana,  pernaps,  a  coniroiiing  mnuence  in  me  soiuiion 
of  many  of  the  questions  arising  in  municipal  government  espe- 
cially. 

With  this  belief  I  come  here  to  call  your  attention  anew  to 
one  of  these  problems — the  movement  and  distribution  of  freight 
and  passengers — and  to  some  slight  attempts  which  I  have  made 
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entirely  unaided  to  study  New  York  City.  I  hope  you  will  all 
be  willing  to  acknowledge  that  the  study  of  the  growth  and  the 
public  convenience  of  a  city  is  a  legitimate  one  for  an  engineer, 
and  that  with  a  view  of  making  a  preliminary  survey  and  an 
approximate  estimate  of  the  present  methods  and  cost  of  hand- 
ling and  distributing  freight  and  passengers,  I  was  not  going  out 
of  my  province  when  I  prepared  this  map  for  the  purpose. 

To  be  sure  you  all  know  that  there  is  a  great  amount  of  in- 
formation about  every  city  scattered  in  its  different  public  offices, 
and  in  those  of  various  corporations  and  firms,  and  my  desire 
was  first  to  combine  and  make  all  this  information  intelligible. 
I  knew  that  every  department  of  the  city  government  was  thor- 
oughly acquainted  with  its  specialty,  and  that  the  insurance 
companies,  the  directory  men,  and  many  others,  had  done  what 
we  would  call,  out  in  the  country,  an  enormous  amount  of  field 
work,  and  that  their  field  books  were  to  a, very  large  extent 
available.  My  first  step  was  to  get  a  400  ft.  scale  (1"  =  400') 
map  of  the  city,  and  I  fortunately  found  one  almost  exactly  to 
that  scale,  showing,  however,  only  the  streets.  With  that  be- 
ginning as  a  foundation,  I  converted  to  the  same  scale  the  diflfer- 
ent  maps  I  found  in  surrounding  cities,  in  the  offices  of  the  rail- 
road companies,  of  the  U.  S.  Engineers,  the  Dock  Department, 
and  other  sources,  and  in  that  way  I  compiled  a  fairly  accurate 
map  to  that  well  approved  scale  for  preliminary  work,  showing 
in  some  detail,  yet  in  a  comprehensive  way,  the  streets,  the  street 
railroads,  the  docks,  the  railroad  yards  and  tracks  and  facilities, 
freight  houses,  city  markets,  etc. 

My  next  desire  was  to  show  something  about  the  freight 
centres,  and  the  location,  growth  and  concentration  of  the  various 
trades.  With  this  in  view  I  placed  on  the  original  map  the 
house  number  at  the  corner  of  every  street  (which  was  given  in 
the  directory),  and  from  the  business  directory,  taking  the  differ- 
ent trades  and  manufactures  separately,  I  made  lists  of  the  num- 
bers at  which  they  were  located  on  every  street,  and  by  this 
means  located  them  on  my  map,  which  shows  (as  you  see  on 
tracing  vellum)  in  different  colors  the  location  of  the  retail 
dealers  in  food  and  manufactures,  of  the  wholesale  dealers  in 
food  and  in  manufactures,  and  fixing  the  location  of  some  of  the 
various  trades  and  freight  centres  by  special  marks  and  numbers. 
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Appreciating  that  a  city  is  both  a  centre  of  consumption  and 
a  centre  of  distribution,  and  knowing  that  an  investigation  of  the 
movement  of  freight  depends  for  one  thing  upon  a  knowledge  of 
the  local  consumption,  which  must  depend  in  part  upon  its 
population,  I  made  my  estimates  of  population  (permanent  and 
floating)  in  every  ward  of  the  city,  and  from  them  made  an  ap- 
proximate estimate  of  the  average  daily  movement  of  freight  for 
local  supply,  and  incidentally  (from  the  reports  of  the  different 
city  railway  companies)  of  pcissengers,  and  some  of  the  approxi- 
mate figures  are  given  in  the  accompanying  tables,  as  follows: 

Average  Daily  Passenger  Movement. 


Roads. 


1882. 


Elevated, 
Surface, 


Miles  of 
Road. 


PA88EN0EB8  CaRBIED. 


32.3 
95.5 


West  Side. 
90,000 

156,000 


East  Side.  iCross  Town. 


146,000 

215,000 


Total,       127.8      246,000  1 361,000 


93,000 


Total. 


236,000 
464,000 

93,000  I   700^ 


1884. 


Elevated, 
Surface, 


Total, 


32.3 
95.5 

100,000 
169,000 

165,000 
236,000 

401,000 

100,000 
100,000 

127.8 

269,000 

265,000 
505,000 


770,000 


or  fully  one-half  of  the  permanent  population. 

Approximate  Estimate  of  the  Average  Daily  Tonnage  op 

Freight  delivered  directly  to  Consumers 

South  of  86th  Street. 


Tons. 

Food,  Clothing,  etc 

Coal. 

Total. 

1885. 
East  Side, 
West  Side, 

1900 
2200 

4700 
4500 

6600 

6700 

Total,  . 

4100 

9200 

6000 
6000 

13300 

1895. 
East  Side, 
West  Side, 

2200 
3000 

8200 
9000 

Total, 

5200 

12000 

17200 

VOL.  v.— 26, 
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To  be  sure  this  movement  varies  in  amount  with  the  seasons, 
and  these  figures  are  only  intended  to  give  some  idea  of  the 
average  daily  movement  of  freight  for  local  supply  to  one  desti- 
nation. 

I  did  all  this  work  simply  from  my  own  personal  desire  to  see 
what  could  be  done,  and  doing  it  as  I  did,  without  authority,  my 
results,  to  be  sure,  are  incomplete,  and  my  map  hardly  more 
than  begun,  but  I  determined  to  my  satisfaction 

1.  That  it  is  possible  to  collect  and  combine  in  this  way  in- 
formation of  great  value  for  the  growth  and  prosperity  of  a  city, 
and  for  the  enlargement  of  its  conveniences  for  work,  such  as  its 
docks,  its  railroads,  its  markets,  its  freight  houses  and  other 
works. 

2.  That  an  engineer,  by  patient  investigation  and  the  aid  of 
such  a  map  as  that,  combined  with  such  detailed  maps  as  the 
insurance  maps,  (and  other  sources  I  need  not  mention)  could 
make  a  most  valuable  report  upon  the  methods  and  cost  of  hand- 
ling, distributing,  storing  and  selling  the  necessaries  of  life,  and 
the  principal  articles  of  trade. 

3.  That  the  practical  uses  of  such  a  report  would  be  in  the 
regulation  of  cities  and  corporate  laws,  and  in  determining  the 
location  of  public  works  and  improvements. 

It  is  almost  a  truism  to  say  that  the  success  or  failure  of  a 
work  depends  upon  its  location,  and  yet  corporations  not  in- 
frequently locate  their  works  by  intuition,  and  the  result  is  a 
waste  of  money  and  continual  change,  and  hence  it  is  generally 
acknowledged  that  the  study  of  location  is  one  of  the  highest  and 
most  responsible  duties  of  the  engineer.  In  this  connection  I 
will  cite  two  instances  which  have  come  under  my  own  observa- 
tion. The  N.  Y.  West  Shore  and  Buffalo  Railway  was  originally 
located  in  1872,  and  the  men  who  controlled  it  at  that  time, 
though  doubtless  wishing  to  found  a  great  "Trunk  Line," 
assumed  a  location  through  Central  New  York  considerably 
south  of  its  present  line.  This  former  location,  though  not 
entirely,  was  partly  accepted  by  the  company  which  built  the 
road  in  1881-1883,  but  through  the  influence  of  the  new  com- 
pany's Chief  Engineer  and  his  assistants  the  location  was  radi- 
cally changed  to  the  North.     This  change  of  location,  which 
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lessened  the  cost  and  time  of  building,  lowered  the  height  of  the 
summits,  shortened  the  heavy  grades,  reduced  the  curves,  and 
in  many  ways  lessened  the  cost  of  operation,  was  presented  with 
such  clearness  and  force  by  comparative  maps,  estimates,  profiles, 
and  tables,  that  the  effect  was  irresistible.  The  Division  Engi- 
neer, without  one  particle  of  pecuniary  interest,  with  simply  a 
desire  to  tell  the  whole  truth,  and  to  do  his  professional  work 
honestly  and  thoroughly  and  well,  carried  the  day,  and  the 
decision  was  easily  made. 

The  other  instance  I  wish  to  cite  is  the  location  of  the  elevated 
railroads  in  New  York  City.  They  were  laid  out  by  their  pro- 
moters, and  a  public  commission  appointed  for  the  purpose. 
How  far  engineers'  methods  of  investigation  entered  into  fixing 
their  location,  I  do  not  know,  but  I  am  told  by  one  who  should 
know,  that  their  promoters  were  a  "few  thoughtful,  bright,  pro- 
gressive men,  not  engineers,  not  capitalists,  but  speculators,  who 
employed  engineers,  lawyers,  legislatures,  and  aldermen,"  to  do, 
perhaps,  as  they  were  bid. 

The  result  was  that  these  great  public  necessities  were  probably 
laid  out  by  men  anxious,  doubtless,  to  do  the  best  they  could, 
but  without  the  responsibility  arising  even  from  feelings  of  pro- 
fessional reputation  and  regard. 

Certainly  I  cannot  help  asking  myself  in  looking  at  that  map: 
Was  their  work  well  done?  Was  the  location  good?  Did  they 
have  any  complete  system  in  view?  A  part  of  the  way  they 
have  eight  tracks,  but  even  with  this  large  number,  one  object 
of  rapid  transit,  the  running  of  fast  through  trains  between  ex- 
treme points,  seems  in  part  to  be  defeated  by  one  double  track 
road  on  the  east  ending,  IJ  miles  north  of  the  Battery,  and 
another  on  the  west,  three  miles  south  of  Harlem. 

At  any  rate  I  cannot  help  closing  with  the  plea  that  you  do 
something  to  prevent  the  public  convenience  from  being  handed 
over,  in  an  economic  and  engineering  regard,  to  pecuniarily 
interested  parties,  and  also  to  establish  the  rule  that  public 
franchises  of  all  kinds  for  industrial  purposes  should  be  reported 
on  not  only  by  a  corporation  attorney,  but  also  by  a  corporation 
engineer,  for  no  matter  how  bright  and  far-seeing  and  progressive 
the  promoters  of  new  enterprises  may  be,  it  would  seem  that  in 
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public  matters  they  should  be  oflScially  controlled  and  aided  by 
your  experience  and  your  deliberate  methods  of  study. 


XXXI. 

A  CURIOUS  FREAK  OF  MILD  STEEL. 

By  Samuel  T.  Waokeb,  Active  Member  of  the  Clab. 

June  22d,  1886. 

I  DESIRE  to  call  the  attention  of  those  members  of  the  Club 
who  are  interested  in  the  use  and  manufacture  of  mild  steel,  to  a 
curious  fact  developed  during  the  summer  of  1884,  by  the  quench- 
ing test  on  a  lot  of  steel  angles  for  the  United  States  Despatch 
Boat  Dolphin,  and  the  Cruisers  Boston,  Atlanta,  and  Chicago ; 
and  described  by  Assistant  Naval  Constructor  R.  Gatewood, 
U.  S.  N.,  in  the  report  of  the  Naval  Advisory  Board,  on  the  mild 
steel  used  in  the  construction  of  the  same  vessels.  (This  report 
is  published  with  the  Report  of  the  Secretary  of  the  Navy  for 
1885.) 

The  shape  steel  for  the  hulls  of  the  above  vessels  was  rolled 
by  the  Phoenix  Iron  Co.  of  Philadelphia,  Pa.,  from  open-hearth 
steel  blooms,  manufactured  in  Pernot  furnaces  by  the  Cambria 
Iron  Company  at  Johnstown,  Pa.,  and  the  tensile  tests  made  at 
Johnstown,  by  a  Government  Inspector,  from  specimen  flats  rolled 
from  the  blooms.  The  quenching  and  cold  bending  tests 
were  made  from  specimens  cut  from  the  finished  bars  at  Phoenix- 
ville,  the  Government  tests  being  made  under  the  direct  super- 
vision of  Lieut.  Gatewood ;  the  writer  representing  the  Phoenix 
Iron  Co.,  at  the  time  in  question. 

Referring  to  the  article  on  Quenching  tests  in  "  Instructions 
issued  to  Inspectors  "  by  the  Naval  Advisory  Board,  we  find  the 
following  clause  which  is  given  in  full : 

Quenching  Test. 

"A  test  piece  shall  be  cut  from  each  angle-plate  or  beam,  and 
after  heating  to  a  cherry  red,  shall  be  plunged  into  water  at  a 
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temperature  of  82°  Farenheit.  Thus  prepared  it  must  be  possi- 
ble to  bend  the  pieces  under  a  press  or  hammer  so  that  they 
shall  be  doubled  around  a  curve  of  which  the  diameter  is  not 
more  than  one  and  a  half  times  the  thickness  of  the  plate 
tested  without  presenting  any  trace  of  cracking. 

"  These  test  pieces  must  not  have  the  sheared  edges  rounded 
ofiF,  the  only  treatment  permitted  being,  taking  off  the  sharpness 
of  the  edges  with  a  file." 

The  majority  of  the  test  pieces  at  Phoenixville  were  from 
angles,  and  were  about  two  inches  wide,  by  ten  inches  long, 
sheared  from  one  leg  of  the  angle,  thus  presenting  one  rolled, 
and  one  sheared  edge  to  be  bent.  At  first  all  pieces  were 
heated  in  a  smith's  forge  with  blast  in  a  hollow  fire,  the  top 
being  made  either  of  coke  or  a  board  covered  with  pressed  coke, 
thus  a  few  pieces  only  could  be  heated  at  once.  After  the  acci- 
dent to  be  related  occurred,  and  the  number  of  pieces  to  be 
tested  was  large,  they  were  always  heated  in  a  small  heating  fur- 
nace burning  bituminous  coal. 

Having  quite  a  large  number  of  hurried  pieces  to  prepare 
upon  one  occasion,  and  only  one  available  smith's  fire,  we  deter- 
mined upon  the  suggestion  of  the  smith,  to  heat  about  sixty 
pieces  on  the  fire  of  a  small  boiler  burning  anthracite  coal, 
about  five  or  six  pieces  being  heated  at  a  time.  The  fire  door 
was  closed  and  the  pieces  were  found  to  heat  very  uniformly, 
but  it  required  from  fifteen  to  twenty  minutes  to  bring  them  to 
the  required  temperature,  as  the  fire  was  very  slow.  Upon  test- 
ing, all  the  pieces  failed  to  pass  the  requirements,  most  of  them 
breaking  square  across  with  a  bright  crystalline  fracture,  and  no 
appreciable  reduction  of  area,  some  indeed  breaking  before  they 
had  been  bent  to  90  degrees.  Upon  making  re-tests  from  the 
same  bars,  and  bringing  them  to  the  proper  temperature  in  the 
heating  furnace  in  a  clear  flame,  no  difficulty  was  encountered 
at  all,  most  of  the  pieces  bending  until  the  sides  touched. 

A  reason  for  this  curious  behavior  was  suggested  by  Mr.  Gate- 
wood  at  the  time,  on  the  assumption  that  the  pieces  had  been 
subjected  to  the  cementation  process  of  manufacturing  steel  on  a 
very  small  scale,  and  that  small  amounts  of  carbon  or  other 
hardening  elements  had  been  absorbed  on  the  surface  of  the 
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steel  from  impurities  in  the  fire,  and  had  made  a  hard  skin  over 
the  entire  piece.  Upon  bending,  this  thin  skin  had  refused  to 
elongate  in  the  proper  proportion,  then  cracked,  and  under  the 
same  blow  that  cracked  it,  had  broken  open,  suddenly  revealing 
the  bright  crystalline  fracture  caused  by  this  manner  of  being 
broken. 

The  above  incident  goes  toward  showing :  1st.  The  necessity 
of  careful  watching  in  the  preparation  of  test  pieces,  as  the 
whole  lot  would  undoubtedly  have  been  condemned,  had  we  not 
known  there  was  a  diflferent  method  of  heating  employed  in 
these  pieces,  and  given  them  a  second  trial  under  dififerent,  and 
proper  conditions. 

2d.  The  theory  advanced  by  Mr.  Gate  wood  may  account  for 
failures  in  the  breaking  of  expensive  steel  flangings,  more  than 
one  of  which  have  occurred  in  very  mysterious  ways.  The  form- 
ation of  hard  spots  caused  by  a  flame  (heavily  charged  with  im- 
purities from  bad  fuel)  playing  on  a  flanging,  together  with  in- 
ternal strains  caused  by  unequal  expansion  and  contraction 
makes  a  combination  much  to  be  dreaded,  and  points  out  that 
careful  heating  in  a  clear  fire  with  good  fuel  may  have  great 
influence  on  the  production  of  sound  flangings,  or  thin  forgings. 

In  conclusion  it  is  advisable  to  state  that  the  material  de- 
scribed had  the  following  physical  and  chemical  properties 
which  represent  an  average  of  133  heats  of  open  hearth  steel, 
viz: 

Ultimate  Tensile  Strength,    .     .    64020  pounds  per  sq.  in. 

Elongation  on  8  inches,    .    .    .      25.52  per  cent. 

Average  Carbon, 16^    "    " 

Manganeese,  ....  .44  "  " 
Phosphorous  (17  heats)  .087    "    " 
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THEODORE  BERGNER. 

Theodore  Bergner,  late  member  of  this  Society,  was  bom 
July  1st,  1834,  in  Crimitzchau,  Saxony,  and  died  of  heart-disease 
in  Philadelphia,  January  5th,  1886. 

At  the  age  of  sixteen  he  immigrated  to  the  United  States,  be- 
came an  apprentice  in  the  works  of  Messrs.  Sutton  &  Co.,  of  this 
city;  and  subsequently  was  a  member  of  the  firm  of  Howson  & 
Bergner,  Patent  Agents.  In  April,  1857,  Mr.  Bergner  entered 
the  establishment  of  Messrs.  Wm.  Sellers  &  Co.  as  a  draughts- 
man, and  remained  with  them  in  that  capacity  for  upwards  of 
eighteen  years,  during  which  period  he  was  employed  upon 
much  of  the  most  important  work  undertaken  by  the  firm.  In 
1867,  he  visited  in  their  behalf  the  Paris  Exposition,  in  charge 
of  a  very  large  display  of  machine  tools,  and  attended  to  the 
reception  and  installation  of  these  machines,  sold  them  to 
European  purchasers,  and  transacted  all  the  necessary  business 
in  the  most  satisfactory  manner.  His  familiarity  with  the  Ger- 
man and  French  languages  added  to  his  qualifications  for  such 
a  task ;  and  in  1873,  he  was  sent  to  the  Vienna  Exposition,  in 
charge  of  another  large  display. 

During  this  visit  to  Europe  he  became  interested  in  some 
mechanical  devices  for  the  manufacture  of  malt, — a  special  floor 
for  malt  kilns  and  mechanical  means  of  turning  and  spreading 
the  malt, — and  finally  concluded  to  devote  his  attention  exclu- 
sively to  the  introduction  of  these  improvements.  He  therefore 
terminated  his  relations  with  William  Sellers  &  Co.  in  May, 
1875,  and  began  a  general  engineering  business,  with  special 
reference  to  breweries  and  malt  houses. 

Among  the  larger  establishments  upon  which  he  was  engaged 
may  be  mentioned  the  following  breweries  and  malt  houses, 
which,  with  their  machinery  and  appurtenances,  were  built  from 
his  drawings  and  under  his  supervision,  viz.:  those  of  Bemis  & 
McEvoy,  Chicago;  Neidlinger  &  Schmidt,  New  York;  P.  Lauber, 
Philadelphia;  and  the  Bergner  &  Engel  Brewing  Co.,  also  of 
this  city. 
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In  1876,  Mr.  Bergner  had  charge  of  the  Brewers'  Department 
at  the  Centennial  Exhibition,  and  displayed  there  one  of  his 
malt-tumers  in  practical  operation.  In  1878,  he  visited  Europe 
again  to  represent  Messrs.  Hoopes  &  Townsend,  of  Philadelphia, 
at  the  Paris  Exposition  of  that  year. 

He  was  frequently  called  upon  to  testify  as  expert  in  patent 
cases,  and  in  connection  with  his  other  duties  for  years  carried 
on  a  private  patent  practice  of  considerable  extent.  He  finally 
concluded  to  apply  himself  exclusively  to  this  vocation,  and  in 
connection  with  J.  W.  Douglass  had  just  taken  the  business  of 
the  late  Henry  Baldwin,  Jr.,  when  his  sudden  death  put  a  stop 
to  the  career  which  he  had  selected,  and  for  which  he  was  doubt- 
less well  qualified  by  his  attainments,  his  training,  and  his  large 
and  varied  experience. 

As  a  mechanical  draughtsman  Mr.  Bergner  has  seldom  been 
equalled,  and  his  drawings  are  models  of  what  a  constructive 
drawing  should  be,  neat,  clear,  and  accurate.  He  had  a  very 
correct  eye  for  beauty  of  form,  and  an  excellent  taste  in  machine 
designing.  He  was  not  possessed  of  high  mathematical  attain- 
ments, but  had  the  inventive  faculty  considerably  developed, 
and  excelled  in  the  contrivance  of  handy  and  ingenious  devices 
and  expedients.  Some  of  these  were  in  the  nature  of  draught- 
ing room  appliances,  such  as  his  pneumatic  ink  bottle,  for  pre- 
serving ready  mixed  India  ink,  his  "section-liner,"  and  his 
drawing-boards.  The  "section-liner,"  or  "cross-hatcher,"  is  a 
simple  little  device,  easily  attachable  to  a  triangle,  and  which  by 
pressing  upon  a  small  knob  or  button  causes  the  triangle  to 
move  a  greater  or  less  distance,  as  required;  the  amount  of 
movement  being  adjusted  by  a  milled  nut,  and  thus  parallel 
lines  equally  spaced  may  be  drawn  at  any  distance  apart. 

His  drawing-boards  have  in  place  of  the  usual  Tee  square,  a 
guided  straight-edge  which  may  be  adjusted  to  various  angles. 
In  the  form  first  designed  there  were  two  straight-edges,  one 
above  and  the  other  below  the  board,  both  projecting  beyond  the 
ends  of  the  board,  and  connected  at  their  extremities,  so  as  to 
move  together;  that  below  the  board  was  attached  to  a  slide 
which  moved  in  bearings  on  the  lower  surface  of  the  board.  A 
graduated  arc   was  provided,   so  that  the  inclination  of   the 
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-straight-edges  to  the  guides  was  adjustable  to  any  desired 
Amount.  This  form  of  board,  however,  was  abandoned  by  Mr. 
Bergner  for  one  in  which  the  parallelism  of  the  straight-edge  was 
assured  by  a  system  of  crossing  cords,  running  over  sheaves  in 
ihe  comers  of  the  board;  this  style  of  board  he  introduced  in 
many  places,  and  eventually  combined  it  with  a  vertical  easel, 
which  he  exhibited  to  this  Club. 

At  one  time  Mr.  Bergner  invented  and  patented  a  very  suc- 
cessful machine  for  cutting  cylindrical  corks  by  means  of  a  tubu- 
lar cutter,  with  continuous  cutting-edge,  rotating  at  a  high  speed. 
Among  his  later  inventions  were  a  neat  and  ingenious  counter- 
shaft for  light  machines,  and  a  universal  counter-hanger  of 
graceful  and  convenient  design. 

His  inventions,  which  were  numerous,  were  often  suggested 
by  some  want  which  he  experienced  in  pursuing  the  hobby  of 
the  moment.  Thus  in  photography,  which  he  took  up  in  the 
^arly  days  of  the  art,  and  in  which  he  acquired  considerable 
skill,  he  found  ample  opportunity  to  exercise  his  inventive 
ability.  Landscape  photography  was  his  specialty,  and  as  the 
rapid  dry  plates  of  to-day  were  undreamed  of  by  the  amateur  of 
that  time,  he  designed  for  field-work  a  very  handy  portable 
developing  tent,  which  was  very  light,  and  packed  in  a  con- 
Tenient  shape  for  carrying.  He  also  invented  a  little  machine 
for  cutting  out  photographic  prints  by  means  of  a  pair  of  dies  of 
sheet  metal  of  the  desired  shape.  The  print  was  pushed  face 
uppermost  under  the  outside  die,  which  appeared  as  a  frame 
around  the  picture  and  enabled  it  to  be  moved  into  the  proper 
position,  when  a  movement  of  a  lever  brought  a  corresponding 
male  die  or  punch  up  through  the  opening  and  cut  out  the 
picture  at  a  stroke.  This  machine  was  admirably  adapted  for 
small  photographs,  such  as  stereoscopic  views  and  cartea-de'VisUeSf 
and  is  still  manufactured  and  sold  for  that  purpose. 

Long  before  the  days  of  clamp  skates,  as  they  are  now  known, 
Mr.  Bergner  devised  one  which  was  secured  to  the  foot  by  means 
of  front  and  back  clamps  which  grasped  two  plates,  one  let  into 
the  heel  of  the  shoe  and  the  other  under  the  ball  of  the  foot. 

Mr.  Bergner  was  essentially  a  busy  man,  and  always  had  some 
hobby  or  pastime  which  absorbed  his  leisure  moments.     Pho- 
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tography,  painting,  skating,  rowing,  and  horticulture  were 
among  these  avocations,  and  in  each  he  attained  a  large  measure 
of  success. 

Wilfred  Lewis, 
M.  R.  MucKLE,  Jr., 
Coleman  Sellers,  Jr.,  Chairman, 


QUESTIONS. 
No.  3. 

May  Ist,  1886. 

Mr.  T.  Earl  Collins  offered  the  following  mathematical  ques- 
tion :  Does  a  locomotive  piston  at  the  end  of  each  stroke,  in  re- 
versing its  direction,  come  to  a  stand-still,  and  if  so,  can  the 
same  be  mathematically  demonstrated? 

Also,  would  a  difference  in  speed  affect  the  duration  of  its  sta- 
tionary condition,  if  such  exists? 

Mr.  Collins  suggests:  "As  the  crank  pin  describes  a  circle,, 
changing  at  every  point  its  direction,  and  therefore  having  at  all 
times  more  or  less  lateral  movement,  and  its  movement  being 
continuous,  it  is  argued  that  the  piston  can  have  no  moment  of 
rest  without  the  crank  pin  coming  to  rest  also,  supposing  perfect 
joints," 

June  5th,  1886. 

Mr.  a.  Marichal,  introduced  by  the  Secretary,  presented  a 
mathematical  discussion  of  the  above  question. 

Mr.  Marichal  claims  that  it  does  come  to  an  absolute  rest. 


I 


Phil*,  188«,  V,  6.]  Ref.  Booh— Circular  Aret. 


407 


< 


O 
li. 


(S 


£5 


>|E 


•tpjoiio 


^5 

*5 


-tpioqo 


82  = 


'•pioii3 


o 


■ipioqo 


'ipjoqo 


1^^ 


'tpioio 


.«S 


o 


'•pi01l3 


DiMat  for  fladlAff  (MlMlM  to  Oironlw 


OQ  OQ  OQ  eo  OQ  OQ  OQ  99  OQ  09 


Ob  Ok  Ok  O^^AOkOkOkOkO 


SI 


^«oto^ 

lOC^  0>«0 


Sua  so  <D  t:- OQ  60  0»  Q  Q  rH 


0»Oi-HC^00-^i0C0t>*aQ0k 

K^ooooooooooooooaoooao 


OOOaOkOOf-i'-^C^lCOCO'^ 


ooo^o^eieo^toeot^QO 


^  ^  CO  ^ 

00  r-  t 


Oft  Tf^  PC  CO  00 


_     .  ^  "^CO 

-*  go  O  c^  "i^ 

10  CO  o>  ^  o> 

u5  »o  «o  <o  t^  r* 


s 


t^000»Oi-«0fl00"^»O«0t^ 
iOkOkOCOCOCDCDCOCDCOCO 


"^  o  ^  ^  ^  ^ 

^  O  «0  CO  r-<  O 
t^^  "^  QO  (M«0 
t«  00  GO  00  Ok  Ok 


SCO  ^  ^  o 
r-lCOCO  O 

-^  X  C^  «0  'H 


^lOCOt^OOOkQ^ 


C<1  00"^^ 

lO  iO  to  >o 


<0<0^0'^«0«0^0'J*^^ 

g»C  <N  O  00  t^  l^  00  O  C'l  lO  ^ 
COcb^i-i'^t^O'^lr^OOO 

^^-n*^»oioko«oc0cot>r« 


00  CO  00  CO 


coco 


S050 
CO 


1-H  C^  CO 
^1*  ^^  ^<  ^1 


S^COCO^O'^COCO'^O^ 
:ocOr-iooOi-«eocoO'^ 

COt>«Ok^HCO»Ot-Okr-<00CO0O 
^1-Ii-IWC^©5C*1WC0C0C0OT 


C4(MOie>lC<lC^C4C494C4COCO 


▲. 


408 


ReJ,  Booh — Circular  Ares. 


[Proa  £ng.  aob^ 


CO 
CO  CO 


05COTt<C^OQpcO"^WC5^0P<5 

■   0>  CO  t>-  •-•  'T 


cpcpcpi>rt^9Q09QOO»Oa 


S»c  »5  _    _   _  _    _ 
cocOcococococococo 


Oi  ?0  O  ?0  0>  TT<  r-i 
<M  t>  CSI  00  ^ 


00C^»O00<N»OOi<NiOas<NCOO>CO?Ow^i—  r-i^ 
^t*t^t*0Q0Q300aCiaiOOQ»-(rHC^C^C»»C0C0 

G^fi^e^c^ 0^04  04  0^0^  04 coco coeocoeoeococoeo 


.-<  "^  05 


■pjoqo  JO  in»o 


eO<N^OOOQOOO'-«C^CO'^«OQQC<l'«^ 

i-oeo<DOsc^i35oQi-«T}<t^oco«ooso5^o»c^ 


O  t^  "-^  "-^  "^  C^  <M 
e^  G4  04  (N  C4  Ca  (N 


C0C0CO^^^^itJ»O 
G4  04C^G^e<IC4&4C)(N 


paoqo  ;o  '^ueo 


G<l  O  gQ«0  3J 
CO  CO  30  "-^  ^ 


'pjoqo  JO  -^u^o 
mojj  "mg 


515  (j5  iO  t- S  05  U5  t^  g  C3  U3  i>.  S  C?  U3  t>.  05  (N  »o  t-. 


r-<^?Cf<©00OC^f^05'M4Ca0G^C0O'*X<N 


^^p-,^r-ic<jc5c5NC<JcococoeO'^ 


^  CO  q6  ^^ 


Pioqo  JO  -^n^a 


ei 


pjoq3  JO  -^aao 


t^t^t«t>.i>t>.ooaoooooQO 


,M  »o  o  »o  01  lo  o  »o'a©  lb  o  ic  ^  »Q  o  lO  »©  »^  o  »c 

« <=i  •«.  t-.  M  2i  s  »^. «  ^.  s  t^  M  «i  ^  «>  oi  «i »«.  ^1 


^■^■^^'^^■^iO»0»0tC»O»OiOC0 


■pjoqo  JO  -^ueo 
mojj  -^B^d 


50  lO  O  »0  (>•  40  O  »Q  at)  'O  O  »ft  O  »^  o  »o  o  'Q  o  o 


COrii-tOOOQOOOi-«(MCO"^COOOO(M'^CO 

•-H(N  *«  c^  c<i  c<i  g5 


cor-oQOiO^c^ico'^cor^obds 
^Ci?i5icocococ<5«coeo55co 


pJoqo  JO  '%n90 


^NiooiOdi«c>oicieoico»o^»cOiC»fi»oQ» 


pjoqo  JO  '^MO 
oioij  -itid 


SOOc>«iCQ»OaD^OiOA>CQiOO^OOiO 


f-iCSlCO^COOOOC^'^CDOsntOaOC^COO'^OOW 
i-Hr-ti-Hi-lr-iOaC^C^COOO-^^^lO 


•pioqo  JO  -IWO 
raojj  '}9\(i 


ThblM  Hm*  rinding  OrdtBnlM  to  ClreuUw  Arw— Fi««  Bl 


Phila.,  1886,  V,  6.]  Ref.  Booh—  Oircular  Area.  409 


Use  of  the  Tables. — ^If  the  middle  ordinate  on  the 
given  chord  is  not  known,  first  calculate  it.  Then  divide 
the  number  in  Table  I  under  column  marked  ''Propor- 
tional Middle  Ordinates/'  and  opposite  the  known  length 
of  chord,  hj  the  middle  ordinate,  and  set  the  quotient 
aside.  Then  to  find  ordinates  at  other  points  on  the  chord, 
take  the  difference  between  the  ''Proportional  Middle 
Ordinate"  already  found  in  Table  I,  and  the  number  in 
Table  II,  opposite  any  desired  distance  from  centre  of 
chord,  and  divide  this  difference  by  the  quotient  found  as 
above,  the  quotient  will  be  the  ordinate  sought. 

Example  I.  On  a  chord  of  90  ft.  with  a  middle  ordi- 
nate of  2  ft,  to  find  ordinates  every  5  ft.  on  the  chord.  In 
Table  I  opposite  90  we  find  32400,  which  divided  by 
middle  ordinate  2  =  16200.  Then  for  the  ordinate  5  ft. 
firom  the  centre,  we  find  from  Table  II  the  number  400, 

then  by  the  rule  ??^I^^  =  1.975,  and  for  10  ft.  from 

,.      ^„.      32400—1600  _   1  QA1    1  r    ft     32400—3600 
the  centre  —^0^^^—  =   1-901,  15   ft.   —^q^^— 

1  777  9nft  32400—6400  _  .  ^^^  or  ^  32400—10000 
=  1.777,20ft.— j-^^^^g =  1.605,  25  ft.  —^q^^^— 

=  1.382, 30  ft.  ?24^^4400__  i^^  g^^  -^6W^ 

=  0.790,  40  ft.  ^?^^  =  0.419. 

To  find  Ordinates  on  Chords  over  100  ft  in  length: — 
The  Tables  can  only  be  used  directly  for  chords  of  100 
ft.  and  under,  but  to  find  ordinates  on  chords  over  100  ft., 
find  from  the  chords  in  Table  I  some  even  divisor  of  the 
given  chord,  then  divide  the  distances  from  centre  of  chord 
to  points  where  ordinates  are  desired  by  the  quotient  thus 
obtained,  and  using  the  result  of  this  division  in  Table  II 
proceed  as  before. 

ViMw  Ibr  riBftlaf  OfdlaatM  to  CIrovlar  Aros— Pif*  0. 
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Example  11.  On  a  chord  of  320  ft.,  with  a  middle 
ordinate  of  5,  required  ordinates  at  points  40,  80  and  120 
ft.  £rom  centre  of  chord.  We  see  that  80  will  divide  320 
4  times,  so  using  80  in  Table  I,  the  ''Proportional  Middle 
Ordinate"  is  25600,  which  divided  by  middle  ordinate  6  = 

5120.    Now  ^   =  4,  so  for  ordinate  at  40  ft.  from 

40 
centre  we  have  -j-    =  10,  and  number  opposite  10  in 

Table  II  is  1600,  so  by  previous  rule  we  have  ^^^^q^^^ 

80 
=  4.987,  at  80  ft.  -J-  =  20,  and  corresponding  number 

in  Table  II  is  6400,  so  ^^^^^^if^^  =  3.75,  at  120  ft. 

5120 

^  =  30,  and  number  in  Table  II  opposite  30  is  14400, 

25600—14400    n.^^ 
"^ 5120 =  ^'^^^' 

IkUM  f»r  Flndiaff  (MlBAtw  to  OirMlw  Ami— Fiwa  D. 
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TABLE  OF  SIZES  OF  CHIMNEYS. 

H.  K.  L»,  Jas«  l»th,  18M. 
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NOTES  AND  COMMUNICATIONS. 


THE  BEHAYIOB  OF  WATER  IK  A  DOUBLE  SIPHON. 

Business  Mibeiisq,  Febbuabt  20th,  1886. — Dr.  H.  M.  Chance  described  phe- 
nomena experienced  in  draining  a  mine  by  siphons.  In  the  caae  of  a  doable  siphon 
drawing  water  from  two  sumps  at  different  leyels,  the  siphon,  upon  starting,  operated 
satisfactorily,  drawing  water  from  both  sumps,  but  in  a  few  minutes  the  current  in  the 
branch  leading  to  the  lower  sump  reversed,  and  water  was  discharged  into  this  sump, 
the  main  siphon  continuing  to  work  as  at  first.  This  action  seems  to  be  due  to  the 
loss  of  head  due  to  friction,  as  the  water  acquires  considerable  velocity  in  the  dis- 
charge by  which  the  efficient  head  at  the  lower  sump  is  greatly  reduced. 


LATHES  FOB  TURNING  STEEL  TIRED  GAR  WHEELS. 

Begulab  Meeting,  March  6th,  1886. — Wm.  H.  Derbyshire  described  a  new  double- 
Lathe  for  Turning  Steel  Tired  Gar  Wheels,  showing  the  method  of  holding  the  axle 
at  four  points,  so  as  to  give  greater  steadiness  under  the  cut.  The  drivers,  adjustable 
in  all  directions,  and  a  convenient  callipering  attachment  for  bringing  the  wheels  to 
size,  were  also  shown,  as  well  as  the  cutting  tools,  which  take  the  whole  face  of  the 
tire,  including  the  flange,  at  one  operation. 

Mr.  F.  W.  Gordon  described  a  Lathe  for  the  same  purpose,  which  resembles  in 
many  respects  the  ordinary  double  headed  wheel  lathe.  There  are  two  head  stocks 
with  face  plates,  two  carriages,  etc.,  for  finishing  both  wheels  at  the  same  time.  The 
novel  feature  claimed  for  this  lathe  is  the  arrangement  for  supporting  the  axle  on  its 
journals,  afibrding  a  substantial  bearing,  dose  up  to  the  wheels  to  be  turned,  and  thus- 
permitting  heavy  cuts  and  doing  true  work.  The  lathe  has  no  live  spindles.  The 
face  plates  revolve  in  rigid  projections  from  the  head  stocks.  The  only  duty  of  the 
face  plates  is  to  revolve  the  work,  and  the  trueness  of  the  work  is  said  to  be  in  no  way 
dependent  on  the  fit  of  the  face  plate  bearings.  In  these  projections  are  substantial 
chucks,  which  grip  the  axle  on  its  journals.  -The  distance  from  the  point  of  support 
to  the  point  of  cut  is  thus  reduced  to  a  minimum ;  the  journal  support  permits  a  much 
heavier  cut  than  can  be  taken  in  centres;  the  wheel  is  turned  true.  The  work,  he 
said,  can  be  turned  out  very  rapidly,  and  when  done,  is  well  done. 


INTERMITTENT  SIPHONS. 

Regular  Meeting,  March  20th,  1886. — Mr.  Charles  G.  Darrach  explained  the 
principles  involved  in  the  construction  of  Intermittent  Siphons. 

He  Baid :  The  reason  of  the  leakage  from  intermittent  siphons,  as  usually  constructed, 
is  due  to  two  principal  causes.  The  first  is,  that  the  vertical  dimension  of  the  orifice 
connecting  the  two  legs  of  the  siphon  is  made  too  great,  and  the  head  of  water  in  the 
sealing  trap  at  the  end  of  long  leg  is  overcome  before  the  entire  area  of  the  orifice  is 
filled  with  water. 

Second.  The  partial  vacuum  produced  in  the  siphon,  when  the  water  drops  out  of 
it,  (after  the  siphonic  action  is  stopped)  is  not  entirely  destroyed,  and  the  water  rises- 
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in  the  short  leg  above  that  in  the  tank  and  leaks  out  through  the  communicating 
orifice,  at  the  upper  bend  of  the  siphon,  whereas  the  air  pressure  in  the  siphon 
should  be  greater  than  the  pressure  on  the  water  in  the  tank. 

Mr.  Darrach  then  described  an  intermittent  siphon  designed  by  Mr.  Jos.  M.  Wil- 
son, C.E.,  Member  of  the  Club,  in  which  these  principles  were  recognized  and  which 
answered  perfectly  the  object  sought. 

Modifications  of  this  siphon,  designed  for  grease  trapsi  sewage  or  water  flush  tanks, 
and  for  siphon  weirs  to  be  used  to  draw  water  from  the  lowest  stratum  of  deep  reser-  ' 
Yoirs  without  the  aid  of  auxilliary  siphons,  were  described,  and  the  method  shown 
by  which  the  discharge  could  be  made  at  stated  intervals,  or  the  water  drawn  down  to 
any  desired  level  within  the  range  of  atmospheric  pressure. 

In  the  siphons  described,  the  short  leg  of  the  siphon  is  formed  into  an  air  chamber 
of  sufficient  size,  to  allow  for  the  compression  of  air  produced  by  the  head  of  water  in 
the  sealing  trap,  and  for  the  lo^s  of  air  discharged  from  the  long  leg  before  the  si  phonic 
action  i»  induced.  A  small  hole  (protected  by  a  pipe,  carried  above  the  highest  water 
level  in  the  tank,  when  the  siphon  is  used  for  grease  or  sewage)  is  made  in  the  short 
leg  or  air  vessel  at  such  a  height,  that  it  is  exposed  when  the  water  level  in  the  flush 
tank  is  raised  by  the  back  flow  from  the  short  leg  into  the  tank.  After  siphonic  action 
ceases,  this  hole  and  pipe  continue  to  admit  air  to  the  syphon,  and  destroy  the  partial 
vacuum  produced  by  the  water  dropping  out  of  both  legs  of  the  siphon.  By  this 
arrangement  the  siphon  is  always  recharged  with  a  full  supply  of  air. 

Mr.  Darrach  explained  a  number  of  experiments  made  by  him  to  substantiate  the 
theory. 

RECENT  STREAM  GAUGING  FOR  THE  FUTURE  WATER 

SUPPLY  OF  PHILADELPHIA. 

Regular  Meeting,  April  17th,  1886. — Mr.  H.  W.  Sanborn  made  some  remarks 
on  this  subject,  describing  the  methods  used  and  why  they  were  adopted,  illustrated 
by  numerous  drawings  and  photographs,  and  the  automatic  recording  gauge.  The 
streams  gauged  were  the  Perkiomen  Creek  and  tributaries  in  Montgomery  County,, 
the  Neshaminy  and  tributaries  and  the  Tohickon  in  Bucks  County.  The  original 
intention  was  to  gauge  the  minimum  flow  only,  and  for  that  purpose  weirs  were  con- 
structed on  eight  different  streams.  They  were  very  substantially  built,  as  they  had 
to  withstand  the  run  of  ice  in  the  spring  of  the  year.  Heavy  bed  logs  were  placed  at 
the  level  of  the  bed  of  the  stream,  and  the  superstructure  built  on  that.  They  were 
made  water-tight  either  by  bheeting  placed  below  the  bed-log,  to  rock  bottom,  or  a 
cement  mortar  wall.  The  crests  of  the  weirs  were  generally  about  two  feet  above  the 
beds  of  the  streams,  and  were  made  of  two-inch  oak  plank.  Gauge  boards  were  placed 
about  five  feet  above  and  below  the  weirs,  and  connected,  by  levels,  with  the  same. 
The  one  above  indicated  the  depth  of  water  on  the  crest.  The  one  below  was  used 
only  in  case  the  weir  was  submerged  by  high  water.  The  weirs  varied  in  length  from 
fifteen  to  seventy  feet,  according  to  the  width  of  the  stream.  The  formula  used  for 
calculating  the  flow  over  the  weir  was  the  one  by  Fteley  &  Steams,  of  the  American 
Society  of  Civil  Engineers.  Stream  gauge  stations  were  established  near  the  weirs. 
Headings  were  taken  there  at  the  same  time  that  they  were  at  the  weirs.  When  a 
sufficient  number  of  readings,  at  various  heights,  were  made,  a  "curve  of  flow"  was 
plotted  by  a  comparison  of  the  two.    Then,  when  the  crests  of  the  weirs  were  removed 
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for  the  winter,  the  flow  was  found  by  referring  the  stream  gauge  readings  to  the 
"curve  of  flow." 

The  great  fluctuation  in  the  flow  of  the  streams,  caused  bj  the  great  number  of 
mills  on  them,  necessitated  a  great  manj  observations  at  the  weirs  to  get  a  correct 
gauging.  This  difficulty  was  overcome  by  the  use  of  automatic  gauges.  They  were 
run  by  clock* work,  and  drew  a  line  on  a  roll  of  paper,  corresponding  to  the  rise  and 
fiill  of  the  stream.  Two  description  of  gauges  were  used.  One  was  designed  chiefly 
by  Mr.  Stierle,  of  the  U.  S.  Engrs.  Office,  Philadelphia.  The  minimum  flows  were 
found  to  be  so  small  that  the  larger  flows  had  to  be  determined.  These  had  to  be 
found  by  other  methods,  for  the  weirs  would  only  carry,  at  the  most,  two  feet  in  depth, 
while  the  water  in  the  streams  sometimes  raised  as  high  as  sixteen  feet  The  meas- 
urements of  the  large  flows  were  made  mostly  by  the  use  of  electric  current  meters. 
The  measurements  had  to  be  made  from  bridges,  and  where  none  existed,  in  proper 
places,  small  suspension  bridges  were  put  up.  One  was  built  over  the  Perkiomen,  at 
Frederick,  of  120  feet  span,  and  one  over  the  Neshaminy,  at  Bush  Valley,  of  133  feet 
span.  By  means  of  the  meter,  the  velocity  of  the  water  was  taken  at  a  great  number 
of  places  in  a  line  across  the  stream,  and  a  close  estimate  of  the  velocity  of  the  whole 
cross  section  determined.  Stream  gauges  were  placed  near  the  meter  stations,  to  be 
read  when  measurements  were  made,  answering  the  same  purpose  as  those  connected 
with  the  weirs. 

In  some  cases,  large  flows  were  measured  by  getting  the  velocity  of  the  stream,  by 
means  of  pole  floats.  When  used,  care  was  taken  to  have  the  length  of  them  as  near 
the  depth  of  the  water  as  possible,  and  they  were  run  at  as  many  stations  across  the 
stream,  as  was  necessitated  by  the  changes  in  the  even  flow  of  the  stream.  The  rise 
and  fall  of  the  water  during  freshets  was  so  sudden,  and  the  stations,  eleven  in  number, 
were  so  scattered — ^the  water-sheds  covering  five  hundred  square  miles — that  it  was 
impossible  to  get  to,  and  make  measurements  of,  more  than  one  or  two  streams  during 
a  freshet.  Then,  many  times,  the  freshets  would  come  in  the  night,  and  nothing 
could  be  done  but  the  taking  of  continuous  readings  of  the  stream  gauges. 

To  overcome  these  difficulties  with  our  small  force,  and  get  at  least  fair  measure- 
ments of  all  the  streams  at  the  high  point  of  a  freshet,  "  maximum  stream  gauges  " 
were  set  up  on  most  of  the  streams.  A  place  was  chosen  where  the  bed  of  the  stream 
was  uniform  in  width  and  slope,  and  two  similar  gauges  set  up.  They  were  usually 
from  two  hundred  to  five  hundred  feet  apart.  They  were  made  in  the  form  of  a  box 
from  eight  to  twelve  feet  long  and  six  inches  square  inside.  One  side  opened  as  a 
door.  They  were  placed  on  end  and  shielded  and  supported  by  heavy  timbers,  im- 
bedded in  the  soil  or  bolted  to  the  rock  bottom.  Vertically  through  the  centre  of  the 
box  ran  a  brass  rod,  which  was  graduated.  A  metallic  float  ran  on  the  rod  in  such  a 
manner  that  it  would  rise  with  the  water,  but  would  remain  fixed  on  the  rod,  at  the 
highest  point  the  water  reached,  after  it  had  fallen.  The  two  gauges  were  connected 
by  levels,  and  from  the  gauge  readings  the  slope  of  the  water  was  determined.  From 
this  the  velocity  of  the  stream  was  found  by  the  Kutter  formula.  The  daily  flows  of 
all  the  streams  have  been  tabulated,  from  the  commencement  of  the  gauging  in  July, 
1883,  to  January  1st,  1886,  and  the  field  is  still  being  continued.  The  daily  flows  have 
also  been  shown  graphically  on  sheets,  with  the  rainfall  on  the  water-shed  and  the 
temperature  annexed.  The  connection  between  the  three  is  well  shown.  Rain-gauge 
.stations  were  established  over  all  the  water-sheds,  and  the  data  obtained  from  them. 
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combined  with  that  from  previously  existing  gauges,  which  was  kindly  furnished  us 
by  the  observers,  have  also  been  plotted  graphically,  showing  plainly  the  variations 
of  the  rainfall  over  large  areas.  Three  automatic  rain-gauges  were  used  to  show  the 
intensity  of  the  storms. 


THE  CORNWALL  IRON  MINES,  LEBANON  CO.,  Pa. 

Regular  Meetiko,  April  17th,  1886. — Mr.  E.  V.  d'Invilliers  spoke  upon  the 
geological  position,  characteristic  features  and  method  of  mining  the  ore  at  these  mines 
illustrating  his  remarks  with  several  maps  and  cross-sections,  and  a  relief  model  of  the 
mines  and  contiguous  territory,  constructed  by  Mr.  A.  E.  Lehman. 

The  ore  deposit  occurs  in  three  hills,  five  miles  south  of  Lebanon,  whose  summits 
are  870,  715  and  700  feet  a.  t.  (above  tide),  Lebanon  being  471  ft.  A.  t.,  and  Corn- 
wall, at  the  base  of  the  Middle  Hill,  575  a.  A.  t. 

The  extreme  length  of  this  magnetic  ore  deposit  is  4400  ft.  in  a  general  east  and 
west  line;  its  breadth  in  Big  Hill  400^;  in  Middle  Hill800^  and  in  Grassy  Hill 
600^ ;  and  its  area  is  about  63  acres. 

The  ore  is  surrounded  on  three  sides  by  a  steeply  sloping  wall  of  dolerite  (trap) 
rock  100^  4-  thick,  the  Mesozoic  sandstone  abutting  against  the  south*  west  dipping  ore 
on  the  south  side  of  the  deposit. 

The  ore  was  referred  to  the  lime-shale  transition  layers  between  the  Siluro-Cam- 
brian  limestone  and  the  Hudson  River  slates;  is  magnetic,  practically  free  from  phos- 
phorous, but  contains  considerable  sulphur  and  some  copper,  and,  except  in  the  soft 
surface  ore,  all  requires  roasting  before  it  is  worked  in  the  furnace. 

There  are  three  commercial  grades  of  ore ;  but  the  bulk  of  the  output  is  the  No.  3 
"select  ore,"  mostly  lump,  with  about  48  per  cent,  of  iron  and  2.5  to  3  per  cent. sulphur 

Mining  at  present  is  carried  on  entirely  above  water  level,  though  the  records  of 
several  bore  holes  have  established  the  great  depth  of  this  deposit  beneath  the  water 
plane ;  bore  hole  No.  4,  in  the  east  end  of  Middle  Hill,  being  down  325^  below  the 
surface,  or  to  282^  A.  T.,  without  any  trap  or  other  foot  wall  being  struck. 

The  ore  is  mined  in  successive  terraces  and  stopes,  as  in  huge  open  quarries,  and  by 
means  of  six  compressed  air  drills,  large  quantities  can  be  mined  upon  short  notice. 
The  output  for  the  year  1885  reached  508,864  tons,  5  cwt.,  and  the  total  to  January 
Ist,  1886,  in  round  numbers,  7  miUion  tons.  Probably  30  million  tons  still  remain 
above  water  level,  before  there  will  be  any  necessity  to  tap  the  underground  deposit. 

Mr.  d'Invilliers'  paper  upon  the  subject  was  read  at  the  Pittsburgh  Meeting  (Febru- 
ary, 1886)  of  the  American  Institute  of  Mining  Engineers,  and  will  appear  in  Vol. 
XIV  of  their  Transactions.  His  remarks  were  preliminary  to  a  description  of  (he 
model,  by  Mr.  Lehman. 

THE  MODEL  OF  THE  ABOVE  MIXES. 

Mr.  A.  E.  Lehman  then  exhibited,  and  described  the  method  of  construction  of,  the 
Model  of  the  above  mine.  It  is  built  entirely  of  layers  of  cardboard,  the  perpendicu- 
lar edges  of  which  are  brought  to  slope  by  engraving  tools.  It  was  so  constructed  that 
the  accurate  location  of  the  contour  lines  was  preserved,  and  they  were  drawn  in  ink 
on  the  finished  surface,  adding  greatly  to  its  practical  value  and  intelligibility.  Prop- 
erty lines,  railroads  and  other  topographical  features  and  areas  are  shown  in  ink  and 
color.    The  whole  work  is  one  of  remarkable  neatness. 
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NOTES  UPON  HON.  JOHN  BIGELOW'S  REPORT  ON  THE 

PANAMA   CANAL.. 

Regulab  Meetino,  May  15tu,  1886. — Mr.  E.  S.  Hutchinson  read  a  paper  giving  a 
R^um^  of  the  Report  of  the  Hon.  John  Bigelow  on  the  Panama  Canal,  made  to  the 
New  York  Chamber  of  Commerce,  April  15,  1886. 

After  stating  that  the  Chambers  of  Commerce  of  some  European  cities,  as  well  as 
that  of  New  York,  were  invited  by  M.  De  Lesseps  to  send  delegates  to  assist  at  the 
Inspection  of  the  Canal  in  February  last,  he  briefly  describes  the  work  as  follows : 

The  project  contemplates  the  construction  of  an  open  ship-canal,  without  locks, 
from  Colon,  on  the  Atlantic  side  of  the  Isthmus,  up  the  Valley  of  the  Rio  Chagres, 
through  the  Cordilleras  at  Culebra,  and  down  the  Valley  of  the  Rio  Grande  to  the 
bay  near  Panama,  on  the  Pacific.  Beginning  at  sea  level  at  Colon  the  canal  reaches 
Matachin,  27  miles,  with  cuttings  varying  ^rom  20  feet  to  168  feet ;  from  Matachin  to 
Culebra,  7  miles^  the  hills  are  from  100  to  240  feet,  while  at  the  latter  point,  the  crossing 
of  the  Cordilleras,  the  maximum  cut  is  320  feet ;  along  the  8  miles  to  sea  level  the 
decline  is  rapid;  the  4  miles  remaining  will  be  dredged  325  feet  wide  in  Panama 
Bay  to  Perico  Island.  The  plan  necessarily  includes  the  erection  of  a  breakwater 
and  other  extensive  harbor  improvements  at  Colon;  with  a  breakwater  and  jetties, 
and  a  tidal-basin  at  La  Boca.  Depth  of  water  to  be  maintained  27  to  29  feet.  In  the 
lowlands  the  widths  will  be  164  and  72  feet,  top  and  bottom  respectively;  and  in  the 
Cordilleras  they  will  be  102  and  78  feet. 

The  original  plan,  Mr.  Hutchinson  believes,  contemplated  the  construction  of 
sidings  or  passing  places  every  6  miles,  but  the  Report  mentions  only  one,  3  milea 
long,  at  Tavemilla,  19  miles  from  Colon. 

The  most  serious  obstacles  to  be  overcome  are  treated  of  under  four  heads : 

First, — The  control  of  the  River  Chagres.* 

Second, — The  cut  through  the  Cordilleras  at  Culebra. 

Third, — Keeping  the  channel  open  from  mouth  of  the  canal  at  La  Boca  to  near 
Perico  Island. 

Fourth. — Securing  the  labor  required  at  practicable  rates. 

The  Report  states  that  the  Chagres,  which  with  its  tributaries  has  a  normal  flow 
of  450  to  500  cubic  feet  per  second,  has  recently  been  known  to  rise  40  to  50  feet  and 
discharge  2,550  cubic  yards  per  second,  and  in  1857,  Col.  Totten  gauged  it  at  2,093 
cubic  yards  per  second ;  and  that  the  improved  channel  of  the  Chagres  will  carry  off 
520  cubic  yards  per  second,  so  that  at  a  time  of  maximum  flow  1,573  cubic  yards  per 
second  will  have  to  be  provided  for. 

He  mentioned  the  two  plans  that  have  been  proposed  to  get  rid  of  this  dangerous 
surplus:  one,  the  construction  of  lateral  channels,  and  the  other,  the  building  of  a  catch* 
water  basin  large  enough  to  hold  a  flood  or  two  of  the  Chagres,  and  added  that 
within  a  few  days  he  had  been  oflicially  advised  that  both  plans  were  still  under  con- 
sideration by  the  Technical  Commission,  though  Mr.  Bigelow  is  of  the  opinion  that 
the  "Dam"  project  is  most  in  favor. 

He  condensed  from  the  Report  a  description  of  the  "Dam**:  three-quarters  of  a 
mile  long,  140  feet  high,  1  300  feet  wide  at  base,  with  exterior  slope  of  4  to  1.     Waste 
weir  a  20  feet  diameter  tunnel,  with  in-dam  orifice  80  to  100  feet  above  bottom  of 
dam.    Quantity  of  material  9  millions  cubic  yards,  with  a  reservoir  capacity  of  4 
billions  cubic  yards.    He  pointed  out  the  important  omission  from  the  Report  of  the 
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results  of  the  examinations  for  depth  of  foundation  for  the  dam,  and  also  of  the  esti- 
mate of  the  cost  of  construction. 

He  quoted  from  the  Beport  that  the  maximum  cut  at  Culebra  was  320  feet,  and 
that  quantity  of  material  to  be  removed  at  this  point,  and  within  1^  miles,  was  26 
millions  cubic  jards.  The  Beport  goes  on  to  state  that  the  Anglo-Butch  Company 
which  has  contracted  to  remove  915,000  cubic  yards  per  month,  has  never  reached 
131,000  cubic  yards  per  month,  that  only  1\  millions  cubic  yards  had  been  removed 
up  to  January  Ist,  1886,  and  that  this  contract  was  so  modified  that  from  800,000  to 
432,000  cubic  yards  per  month  were  to  be  taken  out  during  the  next  three  years, 
ensuring  the  completion  of  the  work  by  July  1st,  1889. 

Mr.  Hutchinson  concluded  that  from  the  meagre  figures  given  this  would  be  im- 
possible, and  that  if  there  was  no  increase  in  the  rate  fifteen  years  would  be  required, 
«ven  if  no  serious  nor  unforseen  delays  occur.  He  noted  the  important  fact  that  the 
company  was  to  furnish  machines  and  men,  and  that  having  failed  in  their  part  of 
the  contract,  the  contractors  were  released  from  all  obligations. 

He  was  of  opinion  that  the  Beport  did  not  show  that  careful  surveys  had  been  made 
of  the  Panama  terminus,  as  important  questions  mentioned  elsewhere  were  not  touched 
upon.  **  Plans,''  it  states,  "are  in  contemplation  for  a  dam  across  the  Bio  Grande,  for  a 
dyke  4  miles  long  from  Gama  Point  to  Naos."  No  mention  is  made  of  the  tidal-basin 
three-quarters  of  a  mile  square,  which  is  deemed  indispensable,  and  has  recently  been 
estimated  will  cost  30  millions  dollars.  It  went  on  to  state  that  very  little  work  has 
been  done  at  this  terminus,  none  within  the  shore  line,  and  that  very  extensive  repair 
and  construction  shops  had  been  erected  near  the  Mangrove  swamps,  and  that  the 
pestilential  exhalations  were  particularly  fatal  to  skilled  labor. 

He  noted  that  the  Beport  treated  the  labor  question  quite  fully;  it  pointed  out 
that  the  native  supply  was  very  limited  and  uncertain,  and  that  agents  of  the  com- 
pany were  constantly  employed  in  all  of  the  available  markets  gathering  recruits  ; 
that  the  percentage  of  desertions  was  heavy;  that  of  the  12,000  men  on  the  rolls,  the 
number  is  thought  to  be  considerably  exaggerated ;  that  unskilled  labor,  which  at  the 
beginning  had  been  90c.,  was  now  $1.76  per  day ;  that  skilled  black  labor  ranged  from 
$2.00  to  $2.75  per  day,  while  white  mechanics  received  $5.00,  gold. 

He  drew  attention  to  that  portion  of  the  Beport  which  states  that  the  American 
Contracting  and  Dredging  Company  has  a  contract  for  excavating  39^  millions  cubic 
yards  of  dredgible  material  for  the  port  of  Colon,  for  the  main  canal,  and  from  the 
auxiliary  canals,  for  the  improvement  of  the  Bio  Chagres;  and  extending  from  Colon 
to  Matachin,  about  27^  miles.  ^  There  will  be  18}  miles  of  auxiliary  canal.  Work 
was  begun  early  in  1884  and  has  been  kept  up  steadily,  there  being  at  present,  seven 
dredges  at  work.  Up  to  January  31st,  of  the  present  year,  this  company  had  exca- 
vated about  7,000,000  cubic  yards,  the  amount  for  January  being  952,000  cubic  yards. 
Mr.  Bigelow  appears  to  have  no  doubt  but  this  company  will  have  its  work  completed 
by  the  stipulated  time,  December  1st,  1887. 

Mr.  Hutchinson  also  observes  that  a  list  is  given  of  six  contractors  who  were  to  have 
had  contracts  amounting  to  125  million  dollars,  only  one  of  which,  the  American 
Contracting  and  Dredging  Company,  is  mentioned  as  having  done  any  work,  unless  it 
may  be  that  the  Anglo-Dutch  Company,  which  is  reported  as  at  work  at  the  Culebra 
cut,  is  the  same  as  the  '*  Society  de  Traiaux  Publique  et  Construction  Companie," 
and  which  he  is  unable  to  determine. 
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He  considered  it  desirable  to  know  whether  or  not  these  companies  have  thrown 
up  their  contracts?  Whether  they  are  still  at  work?  Where  on  the  line  are  they 
located?    What  amount  of  work  has  been  done  by  each  of  them? 

He  quotes  from  the  Beport,  that  on  January  3l8t  there  were  21  dredges  and  82 
excavators  on  the  work,  "with  the  auxiliary  boats,  trains  and  machinery/'  and  adda 
that  for  further  details  we  must  seek  elsewhere.  He  abstracted  the  quantities  as 
follows: 

The  total  excavations  necessary  to  complete  the  work  was  given  by  the  engineers 
at  157,000,000  cubic  yards.  To  February  Ist,  1886,  there  have  been  done  18i  millions — 
11}  per  cent.,  leaving  138 J  millions  yet  to  be  done — 88 J  per  cent. 

Total  excavation,  January  1, 1886 17,019,000  cubic  yards. 

**  "  September  1,  1884 10,225,000         "  ' 

"  "  16  months 6,795,000 

Average  per  month,  for  16  months;  say 425,000         " 

The  work  for  January,  1886,  was 1,400,000         " 

He  remarked  that  at  the  latter  rate,  about  eight  years  from  Februaiy  Ist  of  this 
year  woul({  be  required  to  complete  the  work,  were  there  no  other  problems  than 
that  of  excavation  to  be  considered,  and  that  the  magnitudes  and  methods  are  so 
overwhelmingly  great  that  they  cannot  be  subjected  to  the  ordinary  rules  of  arith- 
metical computation. 

Mr.  Hutchinson  pointed  out  that  as  regards  the  matter  of  expenditures,  Mr.  Bigelow 
adds  nothing  to  Mr.  De  Lessepb'  Report  of  July,  1885;  nor  is  the  date  of  closing  of 
the  financial  year  given.  Adopting  the  figures  of  this  report  we  have  total  amount 
realized  to  that  date  9Ai  million  dollars;  expenditures  73^  millions;  balance  20} 
million  dollars.  Of  the  total  expended  only  23  million  doUai-s — 31  per  cent. — were 
fur  installing  machinery,  clearing  line  and  excavation ;  the  remainder  were  for  ex- 
penses of  organization,  supplies  and  plant.  Since  that  date  the  company  has  received 
25  million  dollars,  but  what  the  expenses  have  been  approximately  for  the  past  year, 
more  or  less,  Mr.  Bigelow  does  not  inform  us. 

The  paper  concluded  by  remarking  that  the  map  accompanying  the  Chamber  of 
Commerce  Report  was  on  the  small  scale  of  about  46  miles  to  the  foot,  and  that  it 
appeared  to  be  a  copy  of  one  made  to  show  the  condition  of  the  work  June  Ist,  1884 — 
two  years  ago. 

The  final  conclusion  seemed  to  be  that  in  the  interest  of  engineering  it  was  to  be 
greatly  regretted  that  the  inspection  and  report  had  not  been  made  by  a  thoroughly 
equipped  engineer. 


THE  FIRST  PER]>IANENT  TRAMWAY  IN  AMERICA. 

Regular  Meeting,  May  15th,  1886. — Dr.  Robert  Patterson  Robins,  introduced 
by  Mr.  Thomas  M.  Cleemann,  presented  the  following: 

The  following  notes,  chiefly  from  contemporaneous  newspapers,  were  collected 
with  a  view  to  discover  whether  the  road  in  Delaware  County  was  entitled  to  be  con- 
sidered the  first  tramway  ever  constructed  in  America.  Arranged  in  their  proper 
order,  they  seemed  worthy  of  preservation,  and  they  are  now  presented  almost  with- 
out comment. 
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At  a  meeting  of  the  Assembly  in  1790,  a  project  for  a  canal  was  brought  forward 
by  Thomas  Leiper  and  John  Wall,  of  Delaware  County,  supported  by  a  petition  from 
the  stone-cutters  and  masons  of  Philadelphia.  Mr.  Leiper  desired  the  privilege  of 
cutting  a  canal  from  the  flowing  of  tide  in  Crum  Creek  to  Mcllvain's  mill-dam,  or 
William  Leiper's  mill-dam,  in  order  to  cheapen  the  cost  of  transportation  of  his  stone 
from  his  quarries  to  tide-water.  The  mechanics  stated  that  Mr.  Leiper's  stone  wax  the 
best  prodtLced  in  the  neighborhood  of  the  city,  and  that  the  building  of  the  canal 
would  be  an  advantage  to  the  public.  Against  this  privilege  John  and  Isaac  Mcll- 
vain  remonstrated,  and  nothing  was  done  in  the  matter.^ 

The  reason  for  this  remonstrance  can  be  readily  understood,  when  we  examine  the 
topography  of  the  proposed  canal.  Mr.  Leiper  wished  to  enlarge  into  a  canal  the  old 
mill-race  which  led  from  Mcllvain's  to  Leiper's  Mills,  the  latter  standing  "just 
below  the  'Big  Road,'  passing  through  the  town  of  Ridley  (now  Leiperville).''  In 
justice  to  Mr.  Leiper,  however,  it  must  be  said  that  the  Mcllvains  were  not  entirely 
dependent  upon  the  race  for  their  motive-power.* 

Being  forced  to  abandon  this  project,  Mr.  Leiper  cast  around  for  some  other  method 
of  transportation,  but  it  was  not  until  the  year  1809,  that  the  scheme  of  constructing 
a  tramway  was  matured.  In  a  memorandum-book  kept  in  his  own  hand,  com- 
mencing in  1807,  and  ending  in  1810,  we  meet  with  the  first  evidences  that  he  was 
holding  under  consideration  such  a  scheme  only  so  late  as  May,  1809.  "In  May  of 
that  year,  he  made  an  estimate  for  a  railway  three-quarters  of  a  mile  long,  from  his 
quarries  to  the  landing  place  on  Crum  Creek,''  (at  the  head  of  tide)  "to  be  built  of 
wood,  opposite  to  which  he  has  a  short  profile  of  the  work.  The  estimate  is  not  com- 
plete, and  the  idea,  so  far  as  the  work  is  concerned,  seems  to  be  abandoned  until 
January  or  February  of  the  following  year.  He  then  estimates  three  quarters  of  a 
mile  of  the  railroad  minutely,  and  arrives  at  the  conclusion  that  it  will  cost,  includ- 
ing the  survey,  $1592,  47-100."  '  So  far  from  abandoning  the  project  of  a  railway, 
as  the  quotation  above  would  seem  to  imply,  Mr.  Leiper  instituted  an  experiment  to 
satiiify  himself  that  the  idea  was  feasible.  He  employed  a  millwright  from  Scotland, 
named  Somerville,  to  lay  a  temporary  track  in  the  yard  of  the  old  Bull's  Head  Tav- 
ern, Second  street  north  of  Poplar  lane.^    The  experiment  is  thus  described:^ 

"We  have  the  pleasure  to  inform  the  lovers  of  domestic  improvements  that  a  satis- 
factory experiment,  at  which  we  were  present,  was  lately  made  in  this  city,  by  Mr. 
Thomas  Leiper,  of  the  great  utility  of  railways  for  the  conveyance  of  heavy  bur- 
dens— an  improvement  which  a  few  years  ago  was  introduced  into  England — as  in 
many  cases  a  cheap  and  valuable  substitute  for  canals.  In  the  above  experiment  a 
railway  was  laid  of  two  parallel  courses  of  oak  scantling,  about  four  feet  apart,  sup- 
ported on  blocks  or  sleepers  about  eight  (8)  feet  from  each  other.  On  this  railway, 
which  had  an  ascent  of  one-and-a-half  (1^)  inches  in  a  yard,  or  2°  23^,  a  single  horse, 
under  the  disadvantage  of  a  path  of  loose  earth  to  walk  on,  hauled  up  a  four  wheel 
carriage,  loaded  with  the  enormous  weight  of  95J  hundred  weight,  or  10,696  pounds. 

"  We  are  informed  that  Mr.  Leiper  is  about  to  lay  a  Rail  Way  at  Crum  Creek,  in 


>  Westcott'a  History  of  Philadelphia,  Chapter  CCCIX.    Feb.  16, 1873. 
a  John  Hill  Martin's  History  of  Chester,  p.  239. 

*  Delaware  County  Republican,  Feb.  24th,  1860. 

*  Pennsylvania  Magazine  of  Hist,  and  Biog.,  Vol.  iv,  No.  4,  pp.  421,  422. 
»  "The  Aurora,"  Sept.  27th,  lb09. 
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Delaware  County,  for  the  conveyance  of  stone,  from  his  quarry  to  the  landing;  a 

distance  of  about  one  mile. 

"Robert  Patterson,  Prof.  Math.  Univ.  of  Pa.« 

"  Callender  Irvine,  Supt.  U.  8.  [Military  Stores,]  ^ 

"  John  Glenn,  Agent  for  Thomas  Leiper. 

"  Being  called  upon  by  Thomss  Leiper,  Esq.,  to  view  his  newly-made  truck- wag- 
gon fixed  on  the  railway,  of  about  twenty-one  yards  in  length,  for  the  purpose  of 
making  experiments,  exhibited  in  the  yard  of  the  Bull  Tavern,  Northern  Liberties. 

"I  took  the  exact  acclivity  of  the  said  rail  or  draught  way,  and  found  it  to  else  at 
the  rate  of  one  inch  and  an  half  to  the  yard. 

"  Philadelphia,  July  Slst,  1809. 

"  Beading  Howell,  Engineer. 

'*  Nor  can  we  close  this  brief  notice  of  an  interesting  work  without  paying  a  merited 
tribute  of  applause  to  the  patriotic  enterprise  of  the  gentleman  who  has  been  the  firti 
in  America  to  engage  in  it ;  and  we  hope  he  may  derive  as  much  advantage  from  it 
as  such  an  example  to  the  public  fully  entitles  him  to." 

Entirely  satisfied  with  the  success  of  these  experiments,  Mr.  Leiper  took  immedi- 
ate steps  to  push  forward  the  work  thus  inaugurated,  as  the  following  advertisements 
show: 

"  RAILWAY.* 

"I  wish  to  contract  for  the  digging  part  of  a  Rail  Way  from  my  quarries  on  Crum 
Creek  to  my  landing  on  Ridley,  the  distance  and  level  has  been  accurately  ascer- 
tained by  Mr.  Reading  Howell :  the  distance  is  exactly  three-fourths  of  a  mile,  and 
an  accurate  statement  of  the  quantity  of  digging  required,  may  be  seen  from  the  plot 
in  my  possession,  calculated  by  Mr.  Howell.  I  also  wish  to  contract  for  the  making 
and  laying  the  rail  part  of  the  snme,  consisting  of  wood,  a  specimen  of  which,  as  fur- 
nished by  Messrs.  Large  and  Winpenny,  may  be  seen  by  applying  to  them  at  their 
manufactory,  adjoining  the  Bull's  Head  in  Second  Street,  in  the  Northern  Liberties. 
The  scantling  for  the  above  will  be  furnished  on  the  ground. — I  wish  to  progress  in 
this  work  immediately. 

"For  more  particular  information  apply  to 

"Qeoroe  G.  Lsifeb, 
"on  the  premises,  or  to 

"Thomab  Leipsr, 
"  September  27th."  "  Tobacconist,  No.  274  Market  St." 


•  Robert  Pfttteraon,  son  of  Robert  aDd  Janet  (Gibson)  Patterson,  b.  Ireland,  If  ay  SOtb,  I74S.  Bmi- 
grated  to  America,  1768,  and  settled  in  Backs  Coantj  as  Schoolmaster.  Removed  to  Wilmington  la 
1774.  Brigade-Mi^or  Revol.  Army,  1776-1778.  Prof.  Math.  Univ.  of  Pa.»1779.  Vice-Provost  Id.,  1810. 
Director  U.  8.  Hlnt,180-'S,  Mem.  Am.  Phllos.6oc.,17S3,  Secretary  id.,  1784,  Vice-Pres.  id.,  1790,  Pr«a. 
id.  1819.  A.M.  Univ.  of  Pa.,  1788,  LL.D.  id.,  1819.  Married,  May  9th,  1774,  Am6  Hunter,  dan.  of 
Maskell  and  Mary  (Paget)  Ewing.    Died,  Jnly  22d,  1824. 

'Callender  Irvine,  son  of  Oen.  William  J.  and  Mary  (Callender)  Irvine, b.  1774.  Capt.  Aria, 
and  Engineers,  Jane  1, 1798  to  May  20th,  1801.  Sapt.  Military  Stores,  1804.  Commisaary  Oeneral 
of  Purchases,  U.  8.  A.,  Aug.  8th,  1812.    D.  Philadelphia,  Oct  9th,  1841. 

•  '<  Aurora,"  Sept.  2Sth,  1809. 
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"  LABORERS  WANTED.* 

Leiper^a  Snuff  MilUy  (m  Orum  Creek,  Oct  28(A,  1809. 

,  1  have  contracted  with  Thomas  Leiper,  for  the  digging  part  of  his  Rail  Wat, 
from  his  stone  quarries  on  Grum  Creek,  to  his  Landing  on  Ridley  Creek.  The  work 
is  now  progressing,  which  I  find  to  be  a  very  easy  process,  for  three  yoke  of  oxen 
can  plough  from  10  to  15  inches  deep,  which  I  am  to  have  the  use  of  for  the  whole  of 
the  contract,  from  that  circumstance  nothing  but  shovels  will  be  required  for  three- 
fourths  of  the  way.    Laborers  who  wish  to  engage  will  please  apply  to 

"John  Bbycb 
"November  1."  " on  the  premises." 

The  work  of  building  and  grading  was  immediately  begun,  the  draft  of  the  road 
being  made  by  John  Thomson,*^  and  the  railway  was  finished  early  in  1810.  "The 
ascents  were  graded  inclined  planes,  and  the  superstructure  was  made  of  white  oak, 
with  cross-ties  and  string-pieces.  The  cars  or  trucks  were  very  similar  to  those  now 
in  use,  the  wheels  being  made  of  cast  iron  with  flanges."  ^*  The  road  continued  in 
active  use  until  1828,  when  it  was  superseded  by  a  canal  after  the  plan  made  by  Mr. 
Leiper,  but  not  carried  into  effect  until  three  years  after  his  death,  when  his  son,  the 
Hon.  George  Gray  Leiper,  concluded  the  work  which  had  always  been  nearest  to  his 
father's  heart."  The  site  of  the  old  road  can  still  be  seen,  though  it  is  in  ruins,  noth- 
ing remaining  excepting  the  deep  ruts  made  by  the  cross-ties.  There  has  been  a 
great  deal  of  discussion  of  late  years  with  regard  to  the  claim  of  priority  for  this 
road,  it  having  been  claimed  by  various  New  England  writers  that  an  earlier  tram- 
way had  been  built  in  or  near  Boston.  But  as  nearly  as  I  can  arrive  at  any  conclu- 
sion upon  the  subject,  the  only  road  constructed  before  the  building  of  Mr.  Leiper's 
tramway  in  Delaware  County  was  that  on  the  western  slope  of  Beacon  Hill,  which 
was  designed  and  executed  by  Silas  Whitney  in  1807,  and  which  was  about  a  quarter 
of  a  mile  in  length.  **  It  was  used  for  the  transporting  of  gravel  from  the  top  of  the 
hill  down  to  Charles  Street,  which  was  being  filled  up  and  graded.  There  were  two 
trains  of  cars  on  the  railway,  so  arranged  that  one  train  being  loaded  with  gravel 
would  in  its  descent  pull  up  the  empty  train.  While  the  full  cars  were  being 
emptied,  the  unloaded  cars  were  being  filled,  and  in  their  descent  would  haul  up  the 
first  train,  thus  doing  the  work  without  horses."  **  This  road  was,  however,  only 
temporary,  and  as  the  work  of  grading  progressed,  was  gradually  removed.  It  is, 
however,  entitled  to  a  mention  as  the  first  work  of  the  kind  in  America,  having  been 
put  into  active  operation  at  least  two  years  before  Mr.  Leiper's  preliminary  and  ex- 
perimental railway  in  the  yard  of  the  BulFs  Head  tavern.  Mr.  Leiper's  road  in 
Delaware  County  was,  however,  the  first  permanent  tramway  constructed  in  this 
country;  the  next  in  point  of  date  "was  that  laid  in  Nashua,  N.  H.,  in  1825;  the 
third  was  the  one  laid  down  at  Quincy  Granite  Quarries,  in  Massachusetts,  in  1826- 
27;  and  the  fourth,^'  the  great  enterprise  at  Mauch  Chunk,  Pennsylvania,  nine  miles 
in  length,  to  which  the  former  ones  are  mere  child's  play."" 


•  "Aurora,"  Oct.  29th.  1809. 

*«  The  original  map  of  the  road  is  now  in  the  possession  of  the  "  Delaware  County  Institute  of 
'Seienee,"  having  been  presented  to  the  Institute  bj  Dr.  Joshua  Ash,  who  procured  it  from  the  late 
J.  Bdgar  Thomson,  Esq.    A  reduced  copy  is  presented  with  this  paper. 

*^  Smith's  History  of  Delaware  County,  p.  389. 

>*  American  Historical  Record,  vol.  i.,  p.  405. 

*3  Built  Hay,  1827.    See  Egle's  History  of  Pennsylvania,  i.,  246. 

>«  J.  Hill  Martin's  History  of  Chester,  page  242. 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

Fbom  September  8th  1885  to  Febbuart  Ist,  1886. 


From  the  INSTITUTION  OF  CIVIl  ENGI- 
NEERS, London. 

Jenkea— Gas  and  Caloric  Engines. 

Unwln— Water  Motors. 

Shaw— Mechanical  Integrators. 

Shelford-Non-Tidal  Rivers. 

Brnnton— Copper  Mines  of  Bntte  County. 

Brace— Spanish  Tidal  Flour-Mills. 

Redgrave— Somicircniar  Timber  Roof  Truss. 

Thompson— Railway  Signalling. 

Andrews — Corrosion  of  Metals. 

Gudrard— Mouth  of  the  River  Rhone. 

Stevenson— Tides  and  Coast  Works. 

Rood — Forms  of  Ships. 

Stroudley— Locomotive  Engines. 

Stoess— Howe  Truss  Bridge. 

Stokes — Iron  Bridges. 

Harvey— Manufacture  of  Soda  Nitrate. 

Hawgood— Removal  of  Shoals  by  Propeller- 
Sluicing. 

Stroudley  —  Electric  Lighting  for  Railway 
Trains. 

Hartley— Inland  Navigations  in  Europe. 

Vasilleff— The  Oil  Wells  of  Baku. 

Donkin  and  Salter— The  Measurement  of  Water 
over  Weirs. 

Fadda— Railway  Rolling  Stock  in  Italy. 

Abstracts  of  Papers  in  Foreign  Transactions  and 
Periodicals,  Vol.  LXXXI,  and  LXXXII. 

From  the  NORTH  OF  ENGLAND  INSTITUTE 

OP  MINING  AND  MECHANICAL  ENGL 

NEERS,  Newcastle-upon-Tyne. 

Transactions— Vol.  XXXIV,  Parts  V  and  VI. 

From   the  INSTITUTION    OF    CIVIL    ENGI- 

NEERS,  Ireland. 
Transactions— Vol.  XV.    1885. 

From  the  SOCIETY  OF  CIVIL   ENGINEERS, 

Paris. 
M^molres- May,  June  and  July,  ISSo. 

From  L'ADMINISTRATION   DES  FONTS   ET 

CHAUSf:ES,  Paris. 
Ancales — Angnst,  September  and  October,  1SS,>. 


I 


From    the    AUSTRIAN    SOCIETY    OF    ENGI- 
NEERS AND  ARCHITECTS,  Vienna. 
Woohenschrift. 
Zeitschrift— Part  III,  1885. 

From  the  VERBIN   FUR   BAUKUNDE,  StutU 

gart,  Germany. 
Proceedings— Part  1, 1885. 

From   the   SAXONIAN    SOCIETY    OF    ENGI- 

NEERS  AND  ARCHITECTS,  Leipsig. 
Der  Clvilingenlenr. 

From  the  NORWEGIAN   SOCIETY  OF  ENGI- 
NEERS AND  ARCHITECTS,  Kristiania. 
Norsk  Tenkisk  Tldsskri  ft— Parts  IV  and  V,  16M. 
Catalogue  of  Library.    1885. 
From  the  SWEDISH  SOCIETY  OF  CIVIL  EN- 
GINEERS, Stockholm. 
Proceedings- Trodje  Httftet  and  FJerde  HJtfteL 

1S83. 
From  the  PORTUGESE  SOCIETY  OF  CIVIL 

ENGINEERS,  Lisbon. 
Revista  de  Obras  Publlcas  £  Minas — September 

and  October,  1885. 
From  the  ARGENTINE  SCIENTIFIC  SOCIETY^ 

Buenos  Aires. 
Anales — April,  May  and  June,  1885. 
From    the    AMERICAN   SOCIETY    OF  CIVIL 

ENGINEERS,  New  York. 
Transactions — July,  August,  September,  October 

and  November,  1SS5. 
From  the   AMERICAN   INSTITUTE  OF  MIN- 

INO  ENGINEERS,  New  York. 
Transactions — Advance  Sheets. 

From  the  AMERICAN  SOCIETY  OF  ME- 
CHANICAL ENGINEERS,  New  York. 
Transactions- Vol.  VI,  1SS5. 
From  the  MASTER  CAR  BUILDERS*  ASSO- 
CIATION,  73  Broadway,  Room  124,  N.  Y,  City. 
Proceedings  of  19th  Annual  Convention,  Old 
Point  Comfort,  Va.    June,  1885. 

From  the  UNITED  STATES  ASSOCIATION  OP 

CHARCOAL  IRON  WORKERS,  Philada. 
Journal— August  and  October,  1885. 
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From  the  AMBRICiklf  SniPMiSTERS'  ASSO- 
CIATION, New  York. 
Record    of   Amerlean    and    ForetgD  Shipping. 
Noa.  18, 19,  ao  and  21.    18S5. 

From    the    AMERICAN    IRON    AND    6TBBL 

ASSOCIATION,  Philada. 
Letter  to  Hon.  Dan'l  Manning,  Secretary  of  the 
Treasury,  1885. 

From  the  INTERNATIONAL  INSTITUTE  FOR   , 
PRESERVING  AND  PERFECTING  WEIGHTS 

AND  MEASURES. 
The  International  Standard— September,  188d. 

From  the   ASSOCIATION  OF  ENGINEERING 

SOCIETIES,  New  York. 
Journal — Sept.,  Oct.,  Not.  and  Dec,  1885. 

From  the  TECHNICAL  SOCIETY  OF  THE 
PACIFIC  COAST,  San  Francisco,  Cal. 

Hall—The  Sewage  Question  in  California. 

Bowie,  Jr.— Measurement  and  Flow  of  Water 
in  Ditches. 

Hanscom— Cable  Railway  Propulsion. 

Speeht— The  Treatment  of  Torrential  Sediment- 
Carrying  Mountain  Streams  in  Europe, 
aud  its  Application  to  California. 

Browne— A  Criticism  of  Becker's  Theory  of 
Faulting. 

Gntzkow— The  Retorting  of  Gold  and  Silver  in 
Vacuo. 

Orunsky — Flow  of  Artesian  Wells. 

Behr — Maximum  Moment  of  Load  in  Winding 
Engines. 

Jenssen — Causes  of  Explosions  In  the  Manu- 
facture of  High  Bxplosives. 

Bowie,  Jr.— The  Destruction  of  the  English 
Dam. 

Gutzkow — John  Reynolds'  Process  of  Bar  Re- 
fining. 

Flynn — Hydraulic  Tables  based  on  the  For- 
mulae of  D'Arcy  and  Kutter. 

Molera — On  the  Recent  Progress  in  Electricity. 

Browne — Water  Meters ;  Comparative  Tests  of 
Accuracy,  Delicacy,  etc. ;  Distinctive 
Features  of  the  Worthlngton,  Kennedy, 
Siemens  and  Hesse  Meters. 

Qu  nan— A  Talk  about  Explosives. 

Speeht — Notes  on  Earthworks. 

Bowie,  Jr.— Measurement-Flow  of  Water  in 
Ditches. 

Flynn— Shrinkage  of  Earthwork. 

Crockett— Recuperative  and  Regenerative  Fur- 
naces. 

Manson — Experiments  in  protecting  Timber 
from  Limnoria  and  Teredo  in  the  Bay  of 
San  Francisco. 


From    the   WESTERN    SOCIETY    OF 

NEER8. 
Proceedings — Advance  Sheets. 


ENGL 


From  the  ENGINEERS'  SOCIETY  OF  WEST- 

SRN  PENNSYLVANIA,  Pittsburgh,  Pa. 
Transactions— Advance  Sheets. 

From  the  AMERICAN  PHILOSOPHICAL  BC 

CIETY,  Philada. 
Proceedings — January,  1S86. 

From  the  FRANKLIN  INSTITUTE,  Philada. 

Journal— October,  November,  December,  188A; 
and  January,  1S86. 

Report  of  Examiners,  International  Electric- 
Exhibition.    See.  XII. 

Report  of  Special  Committee  on  Dynamo-Eleo- 
trlc  Machines,  etc.    1885. 

From  the  BOSTON  PUBLIC  LIBRARY. 
33d  Annual  Report.    1SS5. 

From  the  LIBRARY  CO.  OF  PHILADELPHIA. 
Bulletin  for  January,  188(5. 

From  the  U.  S.  COAST  AND  GEODETIC  SUR- 
VEY, Washington,  D.  C. 
Report  for  1884.    Bound. 

From  the  U.  8.  GEOLOGICAL  SURVEY, 
Washington,  D.  C. 
4th  An.  Rep.,  1882-83.    Bound. 
Bulletins^Nos.  7  to  14,  both  inclusive,  1884-85. 

From  the  U.  S.  NAVY  DEPARTMENT,  Wash- 
ington, D.  C. 
Proceedings  of  the  U.  8.  Naval  Institute.    188dw 

Vol.  XI,  Nos.  1,  2,  3  and  4. 
Profl.  Papers.    No.  14~Experiment8  with  Steel. 

From  the  SECOND  GEOLOGICAL  SURVEY  OF 

PENNSYLVANIA. 
Grand  Atlases— Dlv.  II,  Part  II  ;  Div.  IV,  Part 
I ;  Div.  V,  Part  I ;  isW. 

From  MESSRS.  A.  P.  TURNER  &C0.,  London. 
Financial  Letters— Sept.  10th,  1885,  No.  89 ;  and- 
Dec.  8th,  1885,  No.  90. 

From   MR.   WM.    HAMILTON,  Supt.  Toronto 

Water  works,  Toronto,  Canada. 
Annual  Reports  for  1881,  1S82,  IbbA  and  1884. 

From  MR.  WM.  S.  BARBOUR,  City  Engineer^ 

Cambridge,  Mass. 
Annual  Report  of  City  Engineer  for  1884. 
Annual  Documents  for  1884.    Bound. 

From  MR.  W.  W.  EVANS,  New  Roch^Ue,  N.  Y. 
Small  Box  of  White  Oak  made  from  Timber  of 
Old  Delaware  Bridge  at  Trenton. 

From  MESSRS.  BASSETT  &  NUTE,  Civil  and 
Sanitary  Engineers,  Newark,  N.  J. 

Report  on  Sewerage  and  Drainage  of  Orange, 
N.  J.     188.x 

From   MR.   G.    HOWERD-ELLERS,  Civil   En- 
gineer, P.  0.  Box  327,  Chicago,  111. 
Proposed  System  of  Water  Supply  for  the  Town, 
of  Jefferson,  111.     18^5. 
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Bep  of  Proc.  of  IlUaols  State  Board  of  Hoalth, 
October,  1885. 

from    XR.   JAMBS    Y.    R.    SWANN,    Acting 

Goasul  General,  St.  Petersburg,  Raesia. 
Sketch  Album  of  Russian  Lace  Designs.    1885. 

From  MR.  JOHN  H.  KBITIIBDT,  12  8.  4th  St., 

Philadelphia. 
Ontierrez — El  Algodonero.    1885. 
Velaiquez  de  Leon— La  Ramirita.    1885. 
Lobato— Los  Prodaetos  del  Margaej  Mexicano. 

1884. 
Segara  y  Cordero— Algnnas  Plantas  Indnstri- 

ales.    1884. 
Cabas — Cnadro    Geogriflco,    Bstadlstieo,    Des- 

criptiTO  E  Historico.    Mexicano.    1884. 

from  MR.  J.  J.  DE  KINDER,  Past  President 

of  the  Clnb. 
The  Suez  Canal-— 10  Photographs. 

Prom  the  Author,   MR.    R.   MEADE  BACHE, 

Aetire  Member  of  the  Club. 
The  Latest  Phase  of  the  Great  Pyramid  Discus- 
sion. 

From  the  Author,  MR.  JOHN   BIRKINBINB, 

Actire  Member  of  the  Club. 
Report  upon  Examination  of  Materials  and  of 
Furnace  at  Rusk  Penitentiary.    1885. 

From  MR.  W.  S.  CHURCH,  Aetire  Member  of 

the  Club. 
Croton  Aqueduct  Specifications.    Bound. 

From  MAJ.  H.  W.  CLARKE,  Actire  Member  of 

the  Club. 
Onondaga  Co.  Centennial  Almanac  for  1886. 

From    the    Author,    MR.    E.    L.    CORTHBLL, 

Active  Member  of  the  Clnb. 
The  Interoceanic  Problem    and   its    Scientific 
Solution.    1885. 

From  the  Author,  COL.  WM.  P.  CRAIOHILL, 

Active  Member  of  the  Club. 
Dufour's  Strategy  and  Tactics.    1878.    Bound. 

From  MR.  WM.  H.  DECHANT,  Active  Member 

of  the  Club. 
Description  of  Wickets  and  Caisson  for  Movable 
Dams.    1882. 

From  MR.  FRANK  K.  ESHERICK,  Associate 

Member  of  the  Club. 
Barle — A  Treatise  on   Railroads  and  Internal 
Communications.    Philadelphia,  1830. 

From  MR.  J.  D.  ESTABROOK,  Active  Member 
of  the  Club. 

Report  of  Chief  Commissioners  of  Highways  for 
1884. 

Seport  of  the  Committee  on  Hlghvrays  on  Im- 
proved Pavements,  Maintenance  of  Streets 
and  English  Tramways.    1885. 


From  MR.  J.  H.  HARDEN,  Active  Member  of 

the  Club. 
Jefferson — Davis*  Self-timing  Anemometer.  Lon- 
don, 1885. 

From  PROF.  L.  M.  HAUPT,  Active  Member  of 

the  Club. 
Hon.  Clifton  R.  Breckinridge,  M.C.— Speech  oa 

Rivers  and  Harbors.    1685. 
American  Engineering  Register.    1886.    Bonnd. 

From  MR.  RUDOLPH   HERINO,  Member   of 

the  Club. 
Address  of  State  Board  of  Health   and  Vital 

Statistics.    Pennsylvania,  1885. 
An  Act  to    Establish  State  Board  of  Health. 

Pennsylvania,  1885. 

From  MR.  A.  E.  LEHMAN,  Active  Member  of 

the  Club. 
Topographical  Models;  Their  Construction  and 
Uses.    1885. 

From  COL.  WM.  LUDLOW,  Active  Member  of 

the  Club. 

Mallet,  Wormley  k  Greene— Report  upon  a 
Ghemieal  Examination  of  the  Water  Sup- 
plied to  the  City  of  Philadelphia.    1885. 

Annual  Report  of  the  Water  Department.  Phlla- 
delphia,  1884. 

From  CAPT.  S.  C.  McCORKLE,  Active  Member 

of  the  Club. 
U.  S.  G.  and  O.  Survey. 
Physical  Hydrography  of  Delaware  River  and 

Bay.     Comparison  of  recent  with  former 

Surveys.    1884. 

From  MR.  PERCY  T.  OSBORNE,  Active  Member 

of  the  Club. 
Osborne — Select  Plans  of   Engineering  Stme- 

tures  for  Railroads  and  Highways.    Vol. 

I,  1885. 

From  the  BRITISH  PATENT  OFFICE,  London. 
Abridgments  of  the  Specifications  of  Patents  for 

Inventions  relating  to: 
Manure. 

Paper,  Pasteboard,  and  Papier  Mach4. 
Marine  Propulsion  (excluding  Sails). 
Preservation  of  Food. 
Steam  Culture. 

Watches,  Clocks,  and  other  Time-keepers. 
Aids  to  Locomotion. 
Fire-Arms  and  other   Weapons,    Ammunition 

and  Accoutrements. 
Electricity  and  Magnetism. 
Printing. 
Bleaching,  Dyeing  and  Printing  Calieo,  Tarns, 

and  other  Fabrics. 
Production  and  Application  of  Gas. 
Weaving. 
Metals  and  Alloys. 
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Photography. 

Ship  Bnlldlng. 

Plating  and  Coating  Metals  with  Metals. 

Bricks  and  Tiles. 

Roads  and  Ways. 

Bridges,  Yladuets  and  Aqnednets. 

Saddlery,  Harness,  etc. 

Spinning. 

Pottery. 

Acids,  Alkalies  and  Oxides. 

Writing  Instrnments  and  Materials. 

Fnrnitore  and  Upholstery^ 

Aeronautics. 

Preparation  and  nse  of  Tobacco. 

Books,  Portfolios,  Card  Cases,  etc. 

Sewing  and  Embroidering. 

Umbrellas,  Parasols,  Walking  Sticks,  etc. 

Toys,  Games  and  Exercises. 

Steam  Engine. 

Carriages,  Vehicles,  etc. 

Needles  aod  Pins. 

Lamps,  Chandeliers,  etc. 

Paints,  Colours  and  Varnishes. 

Mnslc  and  Maslcal  Instruments. 

Sogar. 

Preparing  and  Cutting  Cork  ;  Bottling  Liquids  ; 

Securing  and  Opening  Bottles,  etc. 
Medicine,  Surgery  and  Dentistry. 
Brushing  and  Sweeping. 
Skins,  Hides  and  Leather. 
Artist's  Instruments  and  Materials. 
Ventilation. 

Raising,  Lowering  and  Weighing. 
Farriery. 

Locks,  Latches,  Bolts,  etc. 
Safes,  Tills,  etc. 
Oils,  Fats,  Soap  and  Candles. 
Water  Closets,  Earth  Closets  and  Urinals,  etc. 
Hinges,  Door  Springs,  etc. 
Air,  Gas,  and  other  Motive  Power  Engines. 
Nails,  Rivets.  Nuts,  Bolts  and  Screws. 
Railways. 
Cooking,  Bread   Making,  and    Preparation  of 

Confectionery. 


Masts,  Sails,  Rigging,  etc. 

Anchors. 

Hydraulics. 

Metallic  Pipes  and  Tubes. 

Drains  and  Sewers. 

Mining,  Quarrying,  Tunneling  and  Well-Sink- 
ing. 

Wearing  Apparel. 

Milking,  Churning  and  Cheese-Making. 

Optical  and  Mathematical  Instruments. 

Casks  and  Barrels. 

Preparation  of  India  Rubber  and  Gutta  Percha. 

Steering  and  Manoeuyring  Vessels. 

Agriculture. 

Purifying  and  Filtering  Water. 

Harbors,  Docks  and  Canals. 

Artificial  Leather,  Oilcloth,  Oilskin,  etc. 

Trunks,  Portmanteaus,  Boxes  and  Bags. 

GrindlDg  Grain  and  Dressing  Flour  and  MeaK 

Chains,  Chain  Cables,  etc. 

Ice  Making  Machines,  Ice  Safes  and  Ice  Houses. 

Uttfermented  Beverages  and  Mineral  Waters. 

Washing  and  Wringing  Machines. 

Fire  Engines,  Extinguishers,  Escapes,  Alarms, 
etc. 

Tea,  Coffee,  Chicory,  Chocolate  and  Cocoa. 

Dressing  and  Finishing  Woven  Fabrics,  and 
Manufacturing  Felted  Fabrics. 

Letterpress  and  Similar  Printing. 

Lace-Making,  Knitting,  Netting,  Braiding  and 
Plaiting. 

Cutting,  Folding  and  Ornameoting  Paper. 

Carriages  and  otherVehicles  forCommon  Roads. 

Manufacture  of  Iron  and  Steel. 

Brewing,  Wine-Making  and  D  istilling  Alcoholic 
Liquors. 

Fire  Arms,  Ammunition,  etc. 

Starch,  Gum,  Size,  Glue,  etc. 
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The  Civil  Engineer's  Pocket-Book.  By  John  C.  Trau twine, 
C.  E.  Twenty-fifth  thousand,  revised  by  John  C.  Trautwine, 
Jr.,  C.  E.     New  York :  John  Wiley  &  Sons,  1886. 

The  last  edition  (the  twenty-second  thousand)  of  this  work  was 
noticed  in  our  Vol.  V,  No.  1,  of  May,  1885.  The  editor  now  takes 
advantage  of  the  call  for  a  new  edition,  by  making  the  following 
changes.     We  quote  his  preface : 

"  For  this  edition,  the  articles  on  Flow  of  Water  in  Channels, 
pp.  268,  etc..  Friction,  pp.  370,  etc.,  and  Timber  Preservation, 
pp.  425,  etc.,  have  been  re-written.  In  the  first  named,  Kutter*s 
formula  is  given,  with  tables  to  facilitate  its  use,  and  instructions 
for  preparing  a  diagram  from  which  its  results  may  be  taken  by 
inspection.  Under  Friction  are  given  the  results  of  recent  re- 
searches, including  the  now  famous  experiments  of  Captain  Doug- 
las Galton  on  brake  friction.  The  new  article  on  Timber  Preser- 
vation embodies,  besides  other  matter,  results  recently  published 
by  a  Committee  of  the  American  Society  of  Civil  Engineers." 

"Prices  and  descriptions  of  manufactured  articles,  etc.,  have 
been  revised  to  date." 

"A  number  of  changes  have  been  made  in  the  articles  on  Force 
in  Rigid  Bodies,  and  Trusses,  in  order  to  further  simplify  the 
treatment  of  those  subjects.  These  changes  include  the  enlarge- 
ment, and  the  re-arrangement  in  more  convenient  form,  of  the 
articles  on  Gravity  and  Falling  Bodies,  Descent  on  Inclined 
Planes,  Angular  Velocity,  Moment  of  Inertia,  Radius  of  Gyration, 
and  Centrifugal  Force." 

"On  p.  230,  a,  the  subject  of  Distribution  of  Pressure  in  Plane 
Surfaces,  is  explained  more  fully  than  in  earlier  editions.  The 
empirical  formula,  p.  243,  for  flow  of  water  in  pipes,  has  been  so 
modified  as  to  give  more  closely  approximate  results.  An  article 
on  the  Fatigue  of  Materials  has  been  added,  p.  435.  The  rules 
for  Strengths  of  Pillars,  pp.  439,  etc.,  and  those  for  Limited  Deflec- 
tions of  Beams,  pp.  510,  etc.,  have  been  simplified.  On  p.  678,  is 
given  a  summary  of  the  results  of  Mr.  Eliot  C.  Clarke's  recent  ex- 
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periments  on  the  Strength,  etc.,  of  Cements.    Many  other  minor 
improvements  have  been  made." 

"Advantage  has  been  taken  of  these  changes  to  still  further  ex- 
tend the  substitution  of  the  larger  for  the  smaller  type." 

The  Field  Practice  of  Laying  Out  Circular  Curves  for 
Railroads.  By  John  C.  Trautwine,  C.  E.,  Twelfth  Edition, 
revised  by  John  C.  Trautwine,  Jr.,  C.  E.  New  York :  John 
Wiley  &  Sons,  1886. 

The  eleventh  edition  of  Trau twiners  "  Curves,"  received  in  1882, 
was  practically  a  new  work.  It  contained  nearly  twice  as  much 
matter  as  its  predecessor.  The  contents  of  the  earlier  editions  had 
been  re-written  and  put  into  such  a  shape  as  to  be  more  easily  in- 
telligible and  more  convenient  for  use.  The  new  matter  con- 
sisted chiefly  of  a  large  number  of  field  problems,  a  description 
(with  vertical  cross  section)  of  the  engineer's  transit,  and  direc- 
tions for  its  adjustment,  and  a  table  of  versed  sines.  For  each 
problem  the  necessary  changes  of  the  signs  +  and  —  are  given 
for  cases  where  the  total  angle  subtended  by  the  curve  exceeds 

The  edition  before  us  is  practically  identical  in  subject  matter 
with  the  one  just  referred  to;  but  its  appearance  has  been  greatly 
improved  in  all  respects.  All  of  the  former  cuts  have  been  re- 
placed by  new  and  much  finer  ones;  and  better  paper,  ink  and 
presswork  combine  to  make  it  a  handsome  book.  It  is  bound  in 
a  new  and  attractive  style. 

The  Civil  ENisiNEER's  Field  Book,  designed  for  the  use  of  the 

Locating  Engineer.     By  Edward  Butts,  Civil  Engineer.    New 

York :  John  Wiley  &  Sons,  1886.     Price  $3.00. 

Most  of  this  book,  the  latest  attempt  to  fill  what  to  us  seems 

an  imaginary  want,  is  taken   up  with  a  table  giving  tangent 

distances  and  lengths  of  curves  for  each  even  degree  of  curve 

from  1  to.  10,  and  for  every  angle  of  intersection  varying  by 

single  minutes  up  to  90°.     In  other  words,  it  is  a  solution  of  the 

tw^o  equations 

and  Zf  =  -_  ., 

o7.3 


I 
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where  t  is  the  tangeut  distance,  R  is  the  radius  of  the  curve,  I  is 
the  intersection  angle,  in  degrees,  and  L  is  the  length  of  the 
curve. 

If  anyone  thinks  that  he  will  require  to  solve  these  two  equa- 
tions, in  locating  a  railroad,  sufficiently  often  to  warrant  his 
using  this  book  of  tables,  we  advise  him  to  get  it.  In  our  own 
experience  we  have  not  so  found  it  necessary  very  often  to  cal- 
culate tangent  distances  on  the  ground.  We  start  a  curve  where 
the  paper  location  says  it  should  start,  and  if  the  tangent  point 
does  not  come  at  the  proper  height,  we  run  in  a  new  curve  by 
changing  either  the  point  of  curve  or  the  radius,  whichever 
seems  to  fit  the  ground  best,  using  the  well-known  problems 
numbered  12  and  13  in  the  book.  If,  too,  a  man  relied  on  these 
tables  only,  he  might  feel  very  much  embarrassed  if  his  curve 
was  not  of  an  even  degree ;  a  not  uncommon  thing,  but  which 
the  tables  do  not  assume. 

A  most  convenient  table  of  tangent  distances,  which  many 
engineers  make  for  themselves  on  a  single  sheet  of  paper,  the 
size  of  the  pages  of  whatever  book  of  natural  sines,  etc.,  they  use, 
is  one  giving  the  tangent  distances  for  angles  of  intersection, 
varying  by  even  minutes,  calculated  for  a  radius  of  1.  Multi- 
plying by  the  actual  radius  gives  the  distance  for  any  curve. 

The  problems  in  this  book  are  worked  out  apparently  with 
the  object  of  being  perfectly  clear  to  a  person  unacquainted  with 
the  use  of  formulas.  Leaving  out  of  the  consideration  that  a 
man  who  had  any  difficulty  in  using  a  formula  intelligently, 
would  scarcely  be  competent  to  undertake  the  location  of  a  rail- 
road, yet  it  seems  to  us  that  one  who  did  not  understand  the  prob- 
lem before,  would  find  it  difficult  sometimes  to  understand  how  to 
apply  it  from  the  examples  in  the  book;  and  if  it  meets  a  ready 
sale,  one  can  imagine  that  many  a  purchaser  will  be  puzzled  at 
finding  in  several  of  the  problems  a  reference  to  Ec^  when  there 
are  no  such  letters  in  the  figure.  It  is  presumed  that  these  letters 
are  intended  as  an  abbreviation  of  et  cetera. 

The  old  problems  of  reversed  curves  are  included,  though  such 
curves  have  been  obsolete  on  first-class  roads  for  many,  many 
years.     C . 
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PHOTOGRAPHIC  MAP  REDUCTION. 

By  O.  B.  Harden,  Active  Member  of  the  Club. 
Read  October  2f/,  1880. 

The  reduction  of  maps  and  plans,  forming  as  it  has  a  large  part 
of  the  work  of  the  drawing  office  of  the  Geological  Survey,  has  led 
to  the  constant  use  of  the  Camera  in  reducing  and  duplicating  the 
maps  which  have  been  placed  at  its  disposal,  and  believing  that  its 
general  use  would  be  to  the  interest  of  engineers,  I  desire  to  call 
the  attention  of  the  Club  to  this  method  of  reduction. 

The  first  use  of  the  Camera  by  the  Survey  for  this  purpose  was 
in  1883,  when  it  was  desired  to  have  a  quicker  and  cheaper 
method  of  reducing  the  large  mine  maps  of  the  coal  operating 
companies  to  the  working  scale  of  the  Survey,  a  reduction  of  from 
100  feet  to  600  feet  to  one  inch.  It  was  found  to  be  so  large  a 
saving  of  time  and  labor  (having  up  to  this  time  used  the  Panta- 
graph),  that  all  the  maps  since  that  time  of  any  magnitude  have 
been  so  reduced. 

Having  to  make  use  of  the  existing  information  in  the  special 
areas  in  which  work  has  been  prosecuted,  it  has  been  frequently 
necessary  to  have  maps  reduced  and  duplicated  in  the  shortest 
possible  time,  in  order  that  the  original  maps  might  not  be  long 
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away  from  the  ojEces  in  which  they  were  frequently  used.  This 
is  especially  true  of  railroad  maps.  The  time  necessary  to  do  this 
became  a  matter  of  importance,  and  as  the  most  accurate, 
quickest  and  cheapest  means  of  reduction,  they  have  been  reduced 
by  the  Camera.   . 

The  maps  have  been  of  a  variety  of  scales,  from  100  feet  to  1 
inch,  to  6  miles  to  1  inch,  and  have  been  reduced  as  small  as  10 
miles  to  1  inch.  It  has  not  been  found  that  the  size  of  the  re- 
ductions affected  in  any  way  their  accuracy.  It  maybe  remarked 
that  however  small,  there  is  that  fidelity  in  detail  that  is  only 
equalled  by  the  photographic  lens.  To  those  who  are  accustomed 
only  to  the  more  common  methods  of  reduction  and  the  fallibility 
of  the  ordinary  draughtsman,  this  fidelity  to  detail  is  gratifying. 
Even  by  the  use  of  the  Pantagraph  and  rectilinear  lines,  the 
reduction  may  be  accurate  in  length  and  breadth  and  yet  be  per- 
ceptibly wrong  within  a  square,  dependent  upon  the  care  of  the 
draughtsman. 

In  many  cases  the  mine  maps  reduced,  being  in  the  conven- 
tional color  of  the  bed,  have  not  photographed  well,  especially  so 
in  the  case  of  ultramarine  and  purple  shades,  which  have  to  be 
strengthened  on  the  print  in  order  to  be  observed  through  the 
tracing  cloth.  This  is  so  with  the  specimen  prints  of  the  workings 
of  the  Pennsylvania  Coal  Company. 

The  beautiful  regularity  of  the  mine  workings  shown  in  these 
reductions  is  a  marked  feature. 

The  originals  of  the  alignment  of  the  Pottsville  and  Mahanoy 
Railroad  were  drawn  in  colors,  black,  chrome-orange,  purple,  red 
and  green,  and  as  shown  on  the  prints  it  has  been  necessary  in 
the  case  of  the  red  and  purple  lines  to  strengthen  them.  I  desire 
to  call  special  attention  to  these  prints  as  being  typical  of  the 
work  of  Messrs.  Julius  Bien  &  Co.,  of  New  York,  who  do  this 
work  for  the  Survey.  The  green  color  having  been  made  up  of 
yellow  and  blue,  the  yellow  on  the  original  has  separated  and 
produced  a  heavy  blurred  line.  The  contour  lines  are  drawn  in 
chrome-orange.  The  lines  drawn  in  black  appear  the  most 
distinct,  hence  it  is  preferable  that  maps  should  be  in  black  to 
photograph  well. 

The  scale  of  these  prints  is  1  mile  to  1  inch,  reduced  from 
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1,000  feet  to  1  inch.  It  is  necessary  in  joining  them  together 
that  it  be  quickly  done  and  as  little  paste  used  as  possible,  as  the 
paper  is  very  sensitive.  It  is  more  expeditiously  done  by  over- 
lapping the  prints  and  pricking  holes  through  two  common 
points  on  each,  mark  out  and  cut  off  the  one  print  to  overlap  the 
other  half  an  inch,  paste  the  lower  print  and  stick  the  pins  back 
into  the  same  holes;  the  two  prints  are  then  co-incident. 

There  is  practically  no  limit  to  the  size  of  map  which  may 
be  photographed,  as  it  is  only  exposed  to  the  Camera  in  sections 
of  about  five  feet  square,  when  the  negative  required  be  as 
large  as  21x25  inches,  this  being  the  largest  size  taken  by 
Bien  &  Co. 

The  maps  are  reduced  to  their  proper  size  by  the  operator 
tacking  a  strip  of  papar  with  the  original  scale  upon  it,  above  the 
section  of  map  to  be  reduced,  another  strip  being  cut  the  reduced 
size  and  held  up  to  the  ground-glass  of  the  Camera  until  it  is  so 
focused  as  to  be  the  required  scale. 

The  only  element  of  error  entering  into  the  reduction  of  maps 
by  the  Camera,  aside  from  the  care  and  skill  of  the  operator,  is  the 
expansion  and  contraction  of  the  sensitive  paper.  It  should, 
however,  come  back  to  its  original  size  after  immersion;  if  it  is 
found  not  to  do  so,  an  allowance  is  made  by  making  the  scale  larger 
or  smaller  as  the  case  may  require.  The  accuracy  of  the  reduc- 
tion depends  as  much  upon  the  perfect  adjustment  of  the  map 
at  right-angles  to  the  line  of  sight  as  to  the  scaling  by  the 
operator. 

It  is  unnecessary  more  than  to  mention  that  there  is  no  error 
due  to  distortion,  this  being  compensated  for  by  the  combined 
lenses  used  for  such  work. 

The  largest  maps  reduced  for  the  Survey  are  the  splendid 
topographical  maps  of  the  Philadelphia  Water  Department, 
being  the  results  of  its  Surveys  for  a  future  water  supply  for 
Philadelphia. 

These  maps  cover  an  area  of  446  square  miles  in  Montgomery 
and  Bucks  Counties,  and  have  been  reduced  from  400  feet  to  one 
inch,  to  1,600  feet  to  1  inch.  The  area  of  original  map- 
surface  is  about  773  square  feet.  The  area  of  map-surface  of  the 
prints  when  put  together  is  about  193  square  feet.    The  reduc- 
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tion  of  this  immense  surface  has  been  made  in  30  negatives.  The 
maps  are  made  in  colors,  the  roads  yellow,  the  timbered  areas 
green,  the  buildings  in  red  and  the  streams  in  blue. 

In  order  to  prevent  any  error  resulting  from  the  shrinkage  or 
imperfect  joinage  of  the  prints,  a  templet  will  be  constructed  for 
the  final  map,  with  the  lines  of  latitude  and  longitude  on  a  poly- 
conic  projection  drawn  upon  them,  these  lines  being  on  the  origi- 
nal map. 

A  comparison  of  cost  shows  that  there  is  a  saving  of  about  40 
per  cent,  over  the  other  methods  of  reduction.  This  is  where  a  re- 
duction alone  is  required  and  where  the  map  will  answer  its  pur- 
pose upon  the  sensitive  paper;  where,  however,  the  map  is 
required  upon  tracing  cloth,  or  where  it  has  to  be  transferred  to 
a  more  substantial  paper,  the  saving  is  abeut  30  per  cent. 


II. 


REVIEW  OF  THE  FREIGHT  BRAKE  TRIALS. 

By  W.  E.  Hall,  Active  Member  of  the  Club. 
Bead  October  2rf,  1886. 

The  question  of  an  efficient  freight  car-brake  and  coupler  is 
assuming  more  importance  to  railroad  companies  every  day,  on 
account  of  the  demands  for  high  speed  and  the  constantly  increas- 
ing tonnage,  which  it  is  desired  the  transportation  department 
should  handle  with  as  little  increase  of  expenditure  for  equip- 
ment and  way  as  possible.  The  question  of  the  interchange  of 
cars  is  receiving  stronger  recognition  as  its  importance  grows  and 
the  desirability — in  fact,  necessity — of  uniformity  in  the  parts  of 
cars  which  plays  so  much  importance  in  their  transfer,  must  be 
accepted  as  a  point  which  will  materially  affect  the  cost  of  the 
transportation  of  freight. 

A  review  of  the  results  forming  the  first  part  of  the  programme 
of  the  tests  made  by  the  Master  Car  Builders*  Committee  at  Bur- 
lington, Iowa,  during  July  and  August,  1886,  have  placed  the 
several  competitive  brakes  in  the  market  on   their  respective 
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merits,  and  further  show  what  the  railroad  companies  may  expect, 
and  how  near  any  or  all  of  these  systems  meet  the  requirements, 
from  the  use  of  any  of  the  mechanical  braking  appliances  there 
tried. 

The  trial  is  to  consist  of  three  parts : — the  first,  the  efficiency 
as  regards  lengths  of  stops  and  general  action  of  the  brakes ;  the 
second,  the  endurance  or  service  test  when  a  careful  record  of 
the  cost  of  repairs  to  the  several  brakes,  while  in  actual  service, 
is  to  be  kept ;  the  third,  a  repetition  of  the  first  after  one  year 
of  wear  and  tear,  the  cars  not  to  be  prepared  for  trial,  but  to  be 
taken  directly  from  service  to  Burlington. 

The  results  obtained  from  the  first  part  of  the  trial  have  thrown 
considerable  light  upon  the  question  of  freight-brakes,  and  have 
furnished  sufficient  information  to  enable  definite  conclusions  to 
be  drawn  as  to  what  may  be  expected  from  the  several  types 
now,  or  were  previous  to  this  trial,  in  active  competition  with 
one  another.  They  have  also  shown  as  to  what  extent  the  best 
braking  systems  meet  the  requirements  of  American  railroad 
practice. 

What  were  known  as  the  general  tests  were  such  as  could  be 
entered  by  any  of  the  brake  companies  represented  at  the  trials. 
They  were  simply  direct  stops  at  the  several  speeds  with  different 
make  up  of  trains,  which  included  only  the  one  important  func- 
tion of  distance  run  in  making  stops,  but  note  was  made  of  what- 
ever difficulty  or  damage  might  result  as  well  as  the  general 
action  of  the  brake. 

The  efficiencies  as  shown  by  these  results  will  first  be  considered. 

With  all  trains  two  (2)  stops  were  made  on  a  level,  or  approxi- 
mately such,  and  two  (2)  on  a  grade  of  fifty-four  (54)  to  fifty-six 
(56)  feet  per  mile,  the  stops  with  fifty  (50)  car  loaded  trains  from 
speeds  of  twenty  (20)  and  thirty  (30)  miles  per  hour,  and  all 
others  from  twenty  (20)  and  forty  (40)  miles  per  hour.  The  best 
stop,  distance  in  connection  with  speed,  is  given  in  all  cases: — 
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50  Car  Loaded  Train.— Brakes  on  all  Cars. 


Name  of  Bbake. 


American.    . 
Eames.     .     . 


Rote. 


Westinghouse. 

Widdifield     and 
Button. 


•         • 


Stop  1. 

Stop  2. 

Stop  3. 

Stop  4. 

Diat'ce 

Dist'ce 

Dist'ee 

Dist'ee 

run  In 

Speed 

mn  in 

Speed 

run  in 

Speed 

mn  in 

Speed 

making 

at  stop 

making 

at  slop 

making 

at  stop 

making 

at  stop 

stop. 

post. 

stop. 

post. 

stop. 

post. 

stop. 

post 

FIBT. 

MiLIS. 

?IIT. 

MiLBS. 

Fbbt. 

HiLBB. 

Fbbt. 

MiLBS. 

728 

19| 

1423 

30J 

1036 

22J 

2787 

34J 

709 

22J 

1396 

36^ 

834 

23J 

1959  39J 

1 

50  Car  Mixed  Train. — Brakes  on  all  Cars. 


Name  of  Brake. 


American.  .  . 
Eames.  .  .  . 
Rote 


•        • 


Stop  1. 


Stop  2. 


Stop  3. 


Stop  4. 


DistVe 

DistVe 

mn  in 

Speed 

run  in 

Speed 

making 

at  stop 

making 

at  stop 

stop. 

post. 

Slop.    , 

post. 

Fbbt. 

MlLBS. 

Fbbt. 

1 

MlLBS. 

710 

20 

1610; 

36 

Dist'ee 

mn  in 

making 

stop. 


Dist'ee 


Speed     mn  in 

at  stop  making 

post.    >   stop. 


Speed 

at  stop 

post. 


Fbbt.  ;  M ilbs.    Fbbt.  I  Milbm. 


976  I  22J  I  2505 


Westinghouse. 

Widdifield     and 
Button. 


608 


20i 


1329 


39 


655 


41 


22      1811'    43 
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50  Car  Empty  Train. — Brakes  on  all  Cars. 


Name  of  Brake. 

American.    .     . 

Eames.     .    .    . 

Rote 

Westinghouse. 

Widdifield     and 
Button.     .     . 


Stop  1. 


Dl8t*ee 

run  in 

making 

a  top. 

FlIT. 


424 
437 


Speed 

at  stop 

pott. 

MILBS. 


21 


Stop  2. 


DUt'ee 
ran  in 

malcing 
•top. 

F»T. 


1518 


22      1016 


Speed 

at  stop 

poet 

MiLBS. 


354 


20J 


35 

38 


922!    40 


Stops. 


Stop  4. 


Dist'ce 

run  in 

making 

•top. 

Fbit. 


Speed 

at  stop 

post. 

MiLBB. 


Dlst'ce 

ron  in 

making 

atop. 

Fbbt. 


445 
448 


20J 
22 


427 


23 


1901 
1399 


Speed 

at  atop 

poat. 

MiLBa. 


34i 
40 


I 
1104  43 


The  absence  of  one  or  more  of  the  brake  companies  will  be 
noticed  in  the  above  tables.  In  the  fifty  (50)  car  train  tests,  with 
the  buffer  brakes,  the  stops  with  the  American  empty  train 
showed  conclusively  that  when  the  brakes  on  all  the  cars  were 
used,  the  bumps  and  lurches  at  the  rear  of  the  train  were  so 
severe  and  numerous  as  to  make  the  tests  with  the  mixed  and 
loaded  trains  dangerous.  Of  the  three  (3)  runs  attempted  by  the 
American  brake  with  the  fifty  (50)  car  empty  train,  one  was  an 
utter  failure,  due  to  the  application  of  the  brakes  before  reaching 
the  No.  1  stop  post.  It  should  be  remembered  that  on  the  engine, 
after  the  required  speed  had  been  obtained,  steam  was  shut  off 
at  a  point  some  hundred  feet  before  reaching  the  stop-post. 

The  Rote  people  had  asked  an  extension  of  time  on  finding,  by 
trial  previous  to  the  commencement  of  the  regular  tests,  that 
their  brake  required  re-adjustment.  They  did  not  enter  the  fifty 
(50)  car  tests  for  reasons  which  will  be  noted. 

The  Widdifield  and  Button  Company,  through  mishap,  were 
supplied  with  but  twenty-five  (25)  cars. 

The  results  of  the  stops  with  the  twenty-five  (25)  car  mixed 
train  are  as  follows : — 
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25  Car  Mixed  Train. — Brakes  on  all  Cars. 


Sto 

PL 

1 

'      Stop  2. 

Stop  3. 

1 

Stop  4. 

• 

Name  of  Brake. 

Dist'ce 

run  in 

making 

stop. 

Speed 

at  stop 

post. 

Disfco 

run  in 

making 

stop. 

Speed 

at  stop 

post. 

Dist'ce 

ran  in  ,  Speed 

making  at  stop 

stop.       post. 

Dist'ce 

run  in  !  Speed 

making  at  stop 

stop.    •    post. 

Fbst.  I  Milks. 

547  22| 

1 

Fbbt.     Miles. 

1033  39J 

Fbbt.     Milbs. 

548  21 

Fkbt.  .  MiLBg. 

1 

American.    . 

2774    40 

Eames 

453'  22 

1477  40 

485  20 

2032    41J 

Rote 

IOIg'  24 

2341 

36 

1119^  21J 

*556G    40 

Westinghouse. 

330'  20 

i)7!t 

40J 

320  20 

1490    451 

Widdifield      and 

1 

Button.   .     .     . 

500  21 

1 

1493 

40 

549  20 

2781    43 

1 

The  results  of  the  runs  with  the  twenty-five  (25)  car  mixed 
train  eliminated  the  Rote-brake  as  a  competitor,  the  reduction  of 
speed  in  the  No.  4  stop  showing  conclusively  that  it  was  little  if 
any  more  than  that  obtained  from  the  use  of  the  driver-brake. 

The  results  of  the  driver-brake  tests  were  as  follows  : 

Driver-Brake  Trials. — Engine,  Tender  and  Dyn.  Car. 


Stop  I. 


Stop  2. 


Stop  3. 


Stop  4. 


Name  of  Brake. 


Dist'ce  Dist'ce  Dist'ce  Dist'ce  ,. 

run  in  i  Speed  i  run  in  I  Speed  '  run  in  |  Speed  >   run  in  J  Speed 
making  at  stop    making  at  stop    making' at  stop  '  making!  at  stop 
'    stop.        post.    I    stop.    '    post.    '    stop.        post.    [    stop.    '    post. 


Fekt. 


HiLBS.  :   Fbbt.    Milb».  I  Fbbt.     Milbs.     Fbbt.  i  Milbs. 


American.    .     .     .     2G0    201       889,  40J  i  253      20      925,    38 

Eames 

Westinghouse.       .     363  ,  21J 


335,20      10G9,  41.\    387      21     1330    42 


041,  40     ,  425      23 


I 


1331    41 


*  After  runniiiff  4,114  feet  beyond  the  point  where  the  brakes  were  first  applied, 
the  train  had  a  velocity  of  thirty  (30)  miles  per  hour.  Hand  brakes  were  then  called 
for,  and  the  total  distance  run  in  making  stop  was  5,566  feet.  It  is  to  be  understood 
that  the  maximum  power  of  the  brakes  was  used. 
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No  brakes  were  used  on  the  dynamometer  car.  In  these  tests 
the  results  with  the  Eames  and  Westinghouse  were  obtained  from 
the  direct  acting  brake.  The  automatic  driver-brake  did  not  give 
as  good  results.  As  the  total,  and  proportionate,  weight  of 
engines  equipped  with  these  three  (3)  brakes  was  the  same,  the 
results  show  that  for  an  independent  driver-brake  the  American 
type  is  the  most  efficient.  It  is  also  cheaper  and  simpler  than 
either  of  the  other  two. 

The  third  and  last  of  the  general  teabi  gave  some  very  inter- 
esting results.  It  was  with  trains  of  fifty  (50)  mixed  cars  to  be 
let  down  a  grade  of  fifty-four  (54)  to  fifty-six  (56)  feet  per  mile, 
and  two  miles  long,  speed  of  twenty  (20)  miles  j)er  hour  at  top 
of  grade,  to  be  reduced  to  fifteen  (15)  miles  per  hour,  and  main- 
tained without  material  variation  throughout  the  run.  The 
brakes  were  then  to  be  applied  and  the  shortest  possible  stop 
made.  Of  this  test  the  Eames  and  Westinghouse  companies  had 
each  three  (3)  runs  and  the  American  brake  but  one,  as  tlie  latter 
showed  very  forcibly  that  brakes  constructed  on  this  principle 
were  not  able  to  control  the  speed  of  fifty  (50)  car  trains  safely, 
let  alone  satisfactorily,  on  grades  of  this  magnitude.  In  the 
case  of  the  Eames  and  Westinghouse  brakes  the  best  of  the  three 
runs  of  each  are  taken  for  comparison. 


Graduating  Test — Dropping  Train   down   Hill — Train  of 

50  Mixed  Cars. 


Time  oon- 


DiMt.  run  in 


I     Average  Vi  V       Max.  Rpeed,  Miu.  Bp^'cd  .„. j;  *''"  '"     Sp«^od  al 

spnedof        •"tT'^^^M       Afier        I        after       i'"?^"*^,:/,'*^     2<»7  mile 
Name  of  Brake.  Jraiu.         ^^^^^^«  ''""Ireduc-nou  to  reduction  to,  lV!!!'.^^^J.    I        post. 


Hour. 


MiDH.  Sec8. 


lA  mi  leu 
per  hour. 


15  mile.     I  ™^1«  l'«*»-  ' 
per  hour.   I      vw-r       '  Mif.E«  pkr 
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American  .    .  '.  10.31      8  1    0  !     12J 


Eames    ...  I  l.").8S  ,  7  i  35 


20 


Westinghouse      10.52      G     45      IS 


8 


12 


12J 


Fket. 


3504 


1078        20 


09 


o 


14J 


It  is  unfortunate  that  the  distance  run  was  not  longer,  say 
some  fifteen  (15)  to  twenty  (20)  miles,  to  show  to  what  extent  the 
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continuous  brakes  were  able  to  control  tbe  speed  of  trains  for 
this  distance,  and  still  retain  suj£cient  storage  power  under  the 
cars  to  enable  an  efficient  stop  to  be  made  in  case  of  an  emer- 
gency. There  are  but  few  roads  in  the  country  that  would  not 
put  a  freight  brake  to  this  test  in  practice. 

Let  us  review  the  last  set  of  the  general  tests — that  of  dropping 
trains  down  grade  at  a  speed  of  fifteen  (15)  miles  per  hour,  or  as 
near  thereto  as  possible.  The  run  was  made  from  No.  3  stop  post 
to  207  mile  post,  a  distance  of  fully  two  miles.  The  engine  was 
shut  off  five  hundred  (500)  feet  before  reaching  the  No.  3  post, 
the  train  to  have  attained  the  required  velocity  at  this  point. 
The  first  attempt  of  the  American  brake  to  make  this  run  resulted 
in  the  train  coming  to  a  dead  stop  after  the  engine  had  passed  but 
a  few  feet  beyond  No.  3  post,  the  engineman  having  shut-off  the 
steam  at  the  five  hundred  (500)  feet  point — the  train  having  at- 
tained the  speed  of  twenty  (20)  miles  per  hour — thereby  causing 
a  slight  retarding  effect  in  the  train  and  a  positive  and  decided  ap- 
plication of  the  brakes,  which  was  far  from  being  the  result  desired. 
In  the  second  attempt  to  make  the  graduating  test,  some  serious 
damage  was  done.  The  train,  after  running  successfully  about 
one  and  one-quarter  (IJ)  miles,  broke,  either  producing  or  caused 
by  several  vibrations,  when  it  was  found  on  examination  that 
the  loads,  which  consisted  of  cast  iron  car  wheels,  each  weighing 
over  five  hundred  (500)  pounds  and  carefully  blocked,  had 
shifted  and  broken  out  the  ends  of  six  (6)  or  seven  (7)  cars  which 
were  not  of  light  or  weak  construction,  but  rather  the  strongest 
cars  at  the  test.  This  was  the  most  serious  defect  found  in  the 
buffer  type  of  brake  as  brought  out  by  the  Com  mittee  at  these 
trials. 

This  ended  the  general  tests. 

The  remaining,  or  special  ones,  will  be  considered  with  the 
principles  of  construction  involved  in  the  several  brakes  repre- . 
sented  and  the  requirements  of  present  railroad  practice. 

The  requisites  of  a  good  railroad  brake  are : — 

1st.  It  should  be  under  the  complete  control  of  the  engineman 
— ^that  is,  he  should  be  able  to  apply  it  at  any  time,  irrespective 
of  any  outside  influences. 

2d.  It  should  be  applied  to  every  wheel  of  the  train ;   that  is, 
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when  making  a  stop  the  braking  should  not  be  concentrated  and 
violent,  as  is  the  case  when  not  applied  uniformly,  but  the  brake 
pressure  should  be  uniform  throughout  the  train. 

3d.  It  must  be  automatic;  that  is,  the  brakes  should  apply 
themselves  in  case  of  the  train  parting,  or  when  any  injury  oc- 
curred to  the  apparatus. 

4th.  To  obtain  the  maximum  efficiency,  the  friction  of  the 
brake  blocks  against  the  wheels  should  closely  approach,  but  not 
at  any  speed  or  load,  equal  the  adhesion  of  the  wheel  upon  the 
rail. 

5th.  The  brake  which  is  the  most  rapid  of  application — other 
things  being  equal — is  the  most  efficient.  For  instance,  a  reduction 
of  speed  from  fifty  (50)  to  twenty  (20)  miles  per  hour,  in  a  given 
time,  is  to  be  preferred  to  a  reduction  of  from  fifty  (50)  to  thirty- 
five  (35)  miles  per  hour  in  the  same  time,  even  assuming  that  the 
distance  run  before  coming  to  a  dead  stop  is  the  same  in  both 
cases.  For  several  obvious  practical  reasons  this  is  a  desirable 
point. 

6th.  The  application  of  the  brakes  should  take  place  simulta- 
neously throughout  the  train.  This  is  to  prevent  in  long  trains 
the  concussion  caused  by  the  rear  of  the  train  running  against 
the  front  or  braked  section,  on  account  of  the  slack,  by  which 
violent  shocks  are  produced. 

The  types  of  brakes  represented  at  the  Burlington  tests  may  be 
divided  into  three  (3)  general  classes: — 

The  direct  buffer.    (American  and  Rote.) 

The  friction  buff'er.    (Widdifield  &  Button.) 

The  continuous  brakes.  (Fames  Automatic  Vacuum.  Westing- 
house  Automatic  Pressure.) 

The  direct  and  friction  buffer. — The  advantages  claimed  for  this 
form  of  brake  are  lower  first  cost,  maintenance  and  simplicity. 

But  we  must  not  lose  sight  of  the  effect  of  a  brake  of  this  con- 
struction upon  the  general  condition  of  the  equipment.  Any 
force  tending  to  compress  the  draft  spring  after  the  car  has  attained 
a  speed  often  (10)  or  more  miles  per  hour,  instantly  applies  the 
brake,  the  rear  of  the  draft  iron  acting  upon  a  piece  of  mechan- 
ism which  is  in  direct  communication  with  the  brake  beam. 
The  application  of  the  brake  signifies  that  the  elasticity  in  the 
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draft  rigging  is  thrown  out  of  action  and  prevented  from  reliev-  ' 
ing  the  effect  caused  by  whatever  concussion  may  take  place  be- 
tween the  cars.  The  result  of  these  shocks  upon  the  draft,  brake- 
rigging  and  general  life  of  the  car  will  be  material,  while  it  will 
not  necessarily  influence  the  life  of  the  brake  proper.  In  this 
connection  it  is  unfortunate  the  maintenance  test  will  not  in- 
clude part  of  the  general  car  repairs.  Taking  a  mixed  train  of 
cars,  loaded  and  empty,  equipped  with  a  buffer  brake,  and  sup- 
posing the  cars  thrown  in  the  train  promiscuously.  The  action 
will  be  about  this:  the  heavy  sections  of  the  train  will  tend  for- 
ward, the  light  ones  holding  back,  resulting  in  the  application 
and  releasing  of  the  brakes,  forming  an  irregular  and  interesting 
see-saw  motion.  This  action  is  more  perceptible  when  riding  on 
trains  of  fifty  (50)  or  more  cars — loaded  and  empty — and  decreases 
as  the  uniformity  in  the  loading  of  the  train  increases  and  the 
length  decreases.  The  irregular  application  exists,  however,  in 
all  cases,  as  can  easily  be  seen  by  an  examination  of  a  diagram 
showing  the  brake  beam  stresses  of  a  buffer-brake  when  making 
a  stop. 

It  has,  therefore,  been  found  necessary,  where  it  is  desired  to 
perfectly  control  the  train,  that  the  application  of  the  brakes 
should  be  positive,  certain  and  independent  of  any  but  the  proper 
influences;  in  other  words,  the  application  should  be  continuous 
throughout  the  train,  as  of  a  solid  body,  and  when  applying 
and  releasing — alternately — upon  independent  cars  is  not  only 
ineflicient  but  dangerous  in  freight  trains  of  ordinary  length. 
More  than  this  a  buffer  brake  is  not  automatic,  but  on  the  con- 
trary has  no  advantages  over  the  ordinary  hand-brake  at  points 
where  trains  generally  i)art,  as  when  coming  out  of  a  dip  in  the 
road.  Even  worse,  it  is  likely  to  convey  just  sufficient  confidence 
to  make  it  an  evil. 

The  two  continuous  systems  represented  at  the  trials — the 
Eames  and  Westinghouse — were  found,  throughout,  the  most 
efficient  brakes.  The  results  of  the  distances  run  in  making  the 
stops,  while  interesting,  as  showing  what  may  be  accomplished 
by  a  good  brake,  cannot  fairly  be  used  to  make  a  comparison  of 
the  brakes  proper.  For  instance,  one  of  the  companies  equalized 
the  brake  leverage,  while  the  other  did  not,  which  it  is  claimed 


Phila.,  1886,  VI,  1.]       Hall— Review  of  the  Freight  Brake  Trials.  13 

will  increase  the  efficiency  some  eight  (8)  to  ten  (10)  per  cent. 
The  methods  of  hanging  the  brakes  were  not  the  same  ;  in  one 
case  they  were  attached  to  the  body  of  the  car,  and  in  the  other 
to  the  truck  spring  plank.  The  style  of  shoe,  make  of  wheel  and 
general  train  resistances  were  different,  all  of  which  would  affect 
materially  the  results  of  the  distances  run,  and  it  was  for  this 
reason,  in  the  tables  given,  that  they  were  not  reduced,  for  the 
purpose  of  comparison,  to  the  speeds  of  twenty  (20),  thirty 
(30)  and  forty  (40)  miles  per  hour.  Of  course,  the  advan- 
tages to  be  derived  from  car  construction,  method  of  hanging 
brakes  and  many  of  the  other  variables  were  open  alike  to  both 
parties,  but  the  question  which  railroad  companies  wish  to  have 
decided  is  a  distinct  one:  which  brake  when  applied  to  the 
freight  equipment  of  any  road  will  give  the  most  efficient  results, 
including  first  cost,  maintenance,  life  of  cars  and  general  expense 
of  transportation.  This  question  can  only  properly  bo  decided 
by  placing  the  competitive  brakes  on  the  same  cars  at  different 
times,  and  tried  as  nearly  as  possible  under  the  same  conditions 
of  weather,  road,  etc.  The  distances  run  in  making  slJops  from 
the  given  speed  would  then  show  conclusively  the  efficiencies  of 
the  systems  in  this  respect.  It  is  for  similar  reasons  that  no 
mention  has  been  made  in  a  comparative  way  of  the  so-called 
"  slideometer ''  measurements. 

In  comparing  the  Eames  and  AVestinghouse  runs,  let  us  take 
the  requisites  of  a  good  brake  in  the  order  before  mentioned : 

1st.  Both  types  are  controlled  by  the  engineman — completely 
so. 

2d.  Either  can  be  arranged  to  be  applied  to  every  wheel  of  the 
train.  This  was  the  case  with  the  two  trains  representing  these 
companies  at  the  Burlington  tests. 

3d.  As  regards  the  automatic  feature,  both  companies  claim 
it,  and  the  trials  show  that  they  can  properly  do  so. 

The  following  are  the  results  of  the  tests  to  determine  this 
point : 
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Beeak-in-two  Test. — 25  Car  Mixed  Train. 

Eames  Vacuum  Brake. 


Stop. 


Speed  at  stop  post 

when  train 

parted. 

HiLBs  PER  Hour. 


Distance  between 

two  sections  when 

stopped. 

Fbrt. 


Distance  run  hj 
first  section. 
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2  A 
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2B 
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25 

1  A 
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Westinghouse  Automatic  Brake. 
"24"" 
41 
25 
371 


55 

275 

5 

660 

35 

319 

Together. 

627 

In  stop  lA  with  the  Eames  brake,  the  two  sections  came  to- 
gether with  considerable  force  and  did  not  part  afterward.  The 
other  three  stops  were  made  under  different  conditions. 

In  the  case  of  the  Westinghouse — stop  2  A — the  sections  came 
together  with  slight  shock  before  coming  to  full  stop.  In  stop 
2  B  the  sections  came  together  with  some  force  and  did  not  sepa- 
rate afterward. 

The  trial  was  conducted  in  this  way : — With  the  Westinghouse 
cars  the  engine  was  shut-off  at  five  hundred  (500)  feet  before 
reaching  the  stop  post,  when  the  coupling-pin  connecting  the  two 
cars  at  about  the  centre  of  the  train  was  drawn.  On  reaching 
the  stop  post  the  engine  was  pulled  out  and  the  brake-hose 
coupling  between  the  two  halves  of  the  train  broken.  As  soon 
as  the  engineman  recognized  that  the  train  had  parted,  the  engine 
was  shut-off  and  the  two  sections  allowed  to  come  to  a  stop.  This 
represented  quite  accurately  the  conditions  as  they  exist  in 
practice. 
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The  first  stop  with  the  Eames  brake  was  made  in  this  way,  but 
the  two  sections  came  together  with  such  force  that  it  was  con- 
sidered too  dangerous  to  attempt  at  a  higher  speed.  A  special 
feature  of  this  brake  was  used  in  making  the  other  three  (3) 
stops.  The  engineman  watched  the  train  gauge,  and  as  soon  as 
a  reduction  of  vacuum  was  noticeable — after  parting  the  train — 
the  engine  was  shut-off  and  the  large  ejector  thrown  into  action, 
by  which  it  has  been  found  that  the  brakes  on  a  number  of  the 
front  cars  can  be  released.  In  this  way  the  two  sections  were 
kept  apart.  But  as  the  normal  position  of  the  ejector. is  with  the 
small  nozzle  working,  which  has  sufficient  capacity  to  compensate 
for  leakage,  there  are  many  chances  that  the  engineman  would 
fail  to  throw  the  large  ejector  into  action  in  time  to  keep  the  two 
sections  from  colliding  when  considering  the  numerous  other 
duties  which  he  has  to  perform,  and  a  failure  to  notice  the  gauge, 
or  the  parting  of  the  train,  at  the  proper  time  would  render  this 
feature  useless.  We  cannot  see,  therefore,  that  this  speciality  is 
of  much  value;  in  fact,  if  it  is  necessary  to  use  it  on  the  parting 
of  the  train,  the  brake  ceases  to  be  automatic. 

4th.  The  frictional  power  of  the  brakes  can  be  as  equally  well 
proportion^  in  on.  Lo  .,  in  the  other,  bat  they  cannot  b. 
arranged  to  exert  the  maximum  frictional  resistance  for  all  loads 
and  speeds  without  risk  of  skidding  the  wheels. 

5th.  In  regard  to  the  reduction  of  speed  in  the  first  unit  of 
time  after  the  application  of  the  brakes.  This  question  must  for 
the  present  remain  unsettled,  as  such  of  the  diagrams  from  the 
centre  car,  from  which  it  was  expected  to  obtain  it,  are  unrelia- 
ble. The  speed  indicator  was  connected  with  the  car  axle  by  a 
wire  belt  which  was  found  to  slip. 

Assuming  the  brake  rod  tensions  in  the  two  cases  to  be  the 
same,  and  there  is  no  reason  why  they  could  not  be  so  proportioned, 
the  rear  car  records  give  the  other  variable  connected  with  this 
question. 
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50  Car  Empty  Train. 


Name 

OF 

Brake. 


Average  time  from   application 
of  brakes  on  engine  to  when 


Average  time  required  to  release 


full-on  rear  car.  brakes  on  rear  car. 

Seconds. 


Seconds. 

I  _      . _ 

Eames.      .     .  !  Ill  |  56 

I 
Westinghouse.  12i  46 


These  results  are  in  favor  of  the  Eames  brake,  as  the  matter  of 
release  is  of  less  importance  than  that  of  application,  and  are 
quite  the  reverse  to  what  was  expected  from  the  break-in-two 
test  when  in  the  first  run  the  two  sections  came  together  with 
considerable  force,  which  in  the  three  (3)  last  stops  was  obviated 
by  throwing  the  large  ejector  into  action  and  partly  releasing 
the  brakes  on  the  forward  part  of  the  train.  The  coming  together 
of  the  two  sections  in  the  first  run  with  the  Eames  cars  may 
have  been  due  to  the  system  of  brake  rigging  which,  as  noted, 
decreased  the  efficiency  some  ten  (10)  per  cent.  The  rear  of  the 
train  containing  some  seventy-five  (75)  per  cent,  of  the  loaded 
cars,  this  loss  would  be  more  marked  in  the  break-in-two  tests 
than  in  any  of  the  others.  It  cannot  be  from  the  slowness  in  the 
application  of  the  brake — if  the  above  records  are  correct — nor 
are  we  prepared  to  say  positively  that  it  is  not  a  defective  feature 
of  the  brake. 

In  charging  the  cars  equipped  with  the  Eames  brake,  a  vacuum 
of  about  twenty  (20)  inches  is  obtained.  The  action  of  the 
valve  regulating  the  flow  of  air  from  train  pipe  to  auxiliary 
reservoir  is  such  as  to  allow  a  reduction  of  vacuum  in  train  pipe 
to  ten  and  one-half  (10  J)  inches  before  the  brakes  will  apply. 
The  vacuum  in  the  train  pipe  is  so  reduced  after  charging  the 
train  and  any  further  reduction  will  apply  the  brake.  This, 
combined  with  the  use  of  a  main  pipe  of  large  diameter,  enables 
the  vacuum  in  the  main  pipe  to  be  varied  as  rapidly  throughout 
a  train  as  in  the  case  of  the  pressure  brake.  In  the  Westing- 
house  system  a  reduction  of  twenty  (20)  pounds  pressure  is  neces- 
sary before  the  brakes  are  full  on.    The  sensitiveness  of  the  triple 
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valves  used  in  the  two  systems  also  enters  as  a  factor  in  the  time 
required  for  the  brakes  to  apply.  Both  brakes  admit  of  partial 
application. 

In  using  either  of  the  continuous  brakes  on  a  train  of  fifty  (50) 
cars  or  more,  the  question  of  the  influence  of  the  slack  enters, 
and  it  was  found  at  the  Burlington  tests  a  sudden  and  full  appli- 
cation of  the  brakes  when  the  train  was  running  at  a  speed  of 
twenty  (20),  thirty  (30)  or  forty  (40)  miles  per  hour,  that  the 
shock  in  the  rear  car  was  of  more  violence  than  could  be  allowed 
in  practice.  They  were  properly  called  emergency  stops — mean- 
ing thereby,  that  the  brakes  were  put  on  to  their  full  power  as 
rapidly  as  possible.  It  was  found  that  by  increasing  the  distance 
run  some  thirty  (30)  per  cent.,  the  train  could  be  stopped  without 
objectionable  bumps.  It  can,  therefore,  be  seen  there  are  objec- 
tions to  placing  the  power  contained  in  a  continuous  brake  in 
the  hands  of  enginemen,  as  when  the  evil  results,  which  would 
arise  by  making  quick  stops,  are  not  immediate  and  noticeable 
to  them,  the  chances  are  that  the  power  thus  given  them  w^ould 
be  abused.  It  can  also  be  seen  that  the  reduction  in  life  and 
increase  of  car  repairs,  destruction  of  perishable  freight  and 
cattle  would  be  of  some  conse([uence.  In  this  connection,  trial 
trips  were  made  with  the  Eames  and  Westinghouse  systems  with 
the  brakes  cut  out  of  the  cars  in  the  roar  of  the  train,  the  results 
of  which  were  as  follows : — 

25  Car  Mixed  Train — Brakes  cut  out  of  Rear  13  Cars. 

Skrvice  Stops. 


Stop  1. 


Stop  2. 


Stop  3. 


Stop  4. 


Name  of  Brake. 

DiKt'ce 

run  in 

uiaklu^' 

8tup. 

Speed 

at  Htop 

post. 

DiNt'ce 

run  in 

making 

stup. 

Speed 

at  Htop 

post. 

UiHl'ce 

run  in 

makiui; 

stop. 

Speed 

at  8top 

post. 

Didt'ce 
run  in 
nwikiu^' 

Htop. 

Speod 
at  Nlop 

pOHt. 

Feet.     Milks. 

1 

Feet.     Milks. 

1 

Feet.     Miler. 

1 

Feet. 

3084 

MiLKtt. 

Karnes     .     .     . 

.     681 

22 

i 

1814i  31 

904  i  21 

41 

Westinghouse  . 

.     90S 

26i 

lG52i  41 

1 

1 

900 

20 

20721  41?,- 

1 
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25  Car  Mixed  Train. — Brakes  cut  out  of  Rear  13  Cars. 

Emergency  Stops. 


Eames 015  j  22  J 

Westinghousc    .    .720    24  i 


1872!  41*   636 
! 

1690   43J  ' 666 


21i 
241 


3017;  39J 

I 

2056  401 


50  Car  Empty  Train. — Brakks  cut  out  op  Hear  20  Cars. 

Service  Stops. 


Eames ,  544 


Westingliouso    . 


535 


211    1213  36 


211 


1232'  3S 


614 
639 


20 
22 


1709 
1238 


391 
39 


Emergency  Stops. 


Eames 


Westinghousc 


383 
379 


21 
21J 


Was  discontinued  on  account  of  broken 
draw-bare,  etc. 


927!  37 


451     20     1077 


/ 


A  comparison  between  these  figures  and  the  ones  obtained 
with  brakes  on  all  cars  will  show  but  a  small  loss  in  the  efficiency 
of  the  stops,  much  less  than  would  be  supposed  from  the  number 
of  brakes  cut  out. 

The  force  of  the  shocks  in  the  rear  car  were  reduced,  but  still 
too  violent  for  general  freight  service. 

A  run  with  the  fifty  (50)  cars  Westinghousc  train  was  made 
with  the  coupling  link  slack  taken  out,  and  it  was  found  that 
with  emergency  stops  the  shocks  in  the  rear  car  were  much  re- 
duced, but  somewhat  above  the  objectionable  point  for  stock  and 
perishable  freight. 

This  brought  the  subject  of  continuous  brakes  in  connection 
with  the  coupler  question,  and  it  was  conclusively  shown  that  an 
engine  by  taking  up  the  slack  in  both  cases  was  able  to  start  as 
heavy  a  train  with  close  as  with  loose  couplings.  The  results  of 
this  trial  are  unquestionable,  and  the  settlement  of  the  point  in- 
volved, which  has  been  hanging  fire  for  so  long,  will  resolve  the 
many  types  of  automatic  car  couplers,  or  so-called,  into  a  few 
forms. 

In  conclusion,  it  is  evident  from  the  results  that  the  continuous 
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brakes,  when  used  on  the  fifty  (50)  car  trains,  contain  the  ob- 
jectionable feature  of  the  time  required  for  the  brakes  to  apply 
throughout  the  train,  and  that  the  first  sixty  (60)  per  cent,  of  the 
cars  did  from  ninety  (90)  to  ninety-five  (95)  of  the  braking.  This 
non-simultaneous  action  of  the  brakes  is  open  to  several  practical 
objections,  all  of  which  have  been  mentioned.  The  tests  also 
show  that  there  is  no  form  of  brake  which  meets  the  require- 
ments of  present  railroad  practice  to  the  extent  desired,  yet  it 
must  be  admitted,  from  a  service  test  on  several  roads,  that 
when  a  number  of  cars  equipped  with  a  good  continuous  brake 
can  be  used  next  to  the  engine  that  the  efficiency  of  the  service  is 
increased. 

The  tests  also  show  that  there  are  two  competing  continuous 
brakes  in  the  market,  the  automatic  vacuum  and  the  automatic 
pressure. 

It  is  also  evident  that  the  coupler  question,  with  or  without 
link  slack,  should  be  taken  up  with  that  of  a  brake  for  long 
freight  trains. 

Note. — Referring  to  the  extent  of  fulfillment  of  condition  five 
by  the  continuous  brakes  at  the  trial,  we  note  below  some  results 
which  are  taken  from  the  diagrams  obtained  from  the  centre  car. 
Inasmuch  as  with  the  pressure  and  vacuum  brakes,  the  desired 
force  to  be  exerted  upon  the  brake  beam  can  be  varied  by  proper 
proportion  of  the  cylinders,  and  as  well  by  one  or  the  other  of 
the  two  systems,  resolves  the  question  of  greater  efficiency  as  re- 
gards this  condition  to  the  time  required  from  the  application  of 
the  brakes  on  engine  to  when  full-on  on  any  designated  car  in 
rear  of  train. 

25  Car  Mixed  Train — Brakes  cut  out  Rear  12  Cars. 

Westinghoiise  Automatic  Brake, 


Ho.  OP  Stop. 

A. 

B. 

C. 

1551 

120 

3.5 

241 

1552 

217 

3.4 

431 

1553 

92 

2.5 

241 

1554 

140 

2.4 

401 
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25  Car  Mixed  Train — Brakes  on  all  Cars. 

Eames  Vacuum  Brake. 
No.  OF  Stop.  A.  B.      •  C. 

361  80  2.2  25 

3G2  108  1.9  38.V 

363  130  4.2  21 

364  325  5.4  41 

A— Distance  run  (feet)  by  centre  car  from  time  of  application  of 
brakes  on  engine  to  commencement  (effective)  of  application  of 
brakes  on  centre  car. 

B=:Time  elapsed  (seconds)  from  application  of  brakes  on  en- 
gine to  commencement  (effective)  of  application  on  centre  car. 

C=Spced  of  train  when  passing  stop  post. 

The  above  results  are  the  only  similar  ones  we  have  at  hand 
for  comparison. 

The  figures  in  the  third  column  (B)  are  derived  by  assuming 
the  speed  of  train  when  passing  stop  post  to  be  constant  from 
that  time  until  the  brakes  begin  to  apply  on  centre  car,  which, 
combined  with  the  distance  run,  gives  the  approximate  time  before 
the  brakes  begin  to  effectively  apply  at  the  middle  of  the  train.  The 
wide  variation  of  the  figures  in  column  B  would  go  to  show  an 
error  in  the  working  mechanism  used  to  give  the  diagrams  from 
which  these  values  were  obtained,  for  which  reason  it  was  not 
considered  proper,  as  previously  stated,  to  compare  the  two  con- 
tinuous brakes  by  these  results  as  to  their  meeting  the  require- 
ment in  question.  In  the  settlement  of  points  connected  with  a 
subject  of  so  much  importance,  the  recording  of  the  results 
should  be  beyond  question.  The  figures,  while  limited  in 
number,  are  sufficient  to  show  a  too  wide  variation  in  the 
distances  recorded  by  the  mechanism  in  the  centre  car,  to  allow" 
them  to  be  taken  when  making  a  comparison  of  the  efficiency  of 
the  brakes. 

The  distance  run  by  the  car  from  the  application  of  the  brakes 
on  engine  to  the  commencement  of  application  on  centre  car, 
supposing  the  distances  as  recorded  correct,  are  of  no  value  in 
this  connection,  and  should  not  be  so  given.  The  speed  must 
enter  as  a  function. 
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The  comparative  figures  to  be  obtained  for  the  settlement  of 
this  point  are,  with  a  given  train,  the  times  required  from  the  ap- 
plication of  the  brakes  on  the  engine  to  when  applied  on  the  rear 
car,  or  to  determine  the  brake  that  is  "  most  simultaneous  '*  in  its 
application. 


III. 


A  CASE  OF  LOW  WATER  IN  A  STEEL  BOILER. 

4h'  J-  E.  Codman,  Active  Member  of  the  Club. 
Head  October  lOM,  188G. 

An  internally  fired  boiler  constructed  of  steel  plates  and  in  con- 
stant use  for  about  two  and  a-half  years,  was  recently  exposed  to 
a  very  severe  test  of  the  material  of  which  it  was  composed. 

This  boiler  was  11' — 6"  diameter,  10' — 10"  long,  contained  two 
furnace  flues  3' — 6"  diameter,  8' — 0"  long,  and  188— 3-inch  tubes 
7' — 0''  long;  the  grate  bars,  bridge  walls  and  fires  are  all  inside 
the  furnace  flues. 

Back  of  the  furnaces  is  a  combustion  chamber  26  inches  deep, 
the  crown,  sides  and  bottom  of  which  is  corrugated  with  corru- 
gations five  inches  deep.  No  stays  or  braces  are  used  to  support 
this  portion  of  the  boiler,  the  corrugations  being  suflicient  to 
strengthen  this  part  to  withstand  the  external  pressure.  (Sketch 
shows  section  of  combustion  chamber  through  crown  sheet,  and 
position  of  plates  before  and  after  overheating.)  .  The  highest 
point  in  the  combustion  chamber  is  three  and  a-half  inches 
above  the  top  of  the  upper  row  of  tubes.  Water  line  in  the  boiler 
is  carried  nine  and  a-half  inches  above  the  top  line  of  tubes, 
making  six  inches  of  water  over  the  crown  sheet  of  combustion 
chamber  to  centre  of  middle  gauge  cock.  Gauge  cocks  four  inches 
apart,  and  with  water  shown  in  lowest  gauge  cock  there  are  two 
inches  of  water  over  the  highest  point  of  corrugation  in  the  crown 
of  combustion  chamber. 

Fusible  plugs  are  placed  at  those  points  to  give  timely  warning 
of  low  water. 
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The  glass  gauge  will  show  water  about  one  inch  below  the 
bottom  gauge  cock. 

The  steel  plates  used  in  the  construction  of  the  boiler  were  all 
subject  to  a  rigid  test  and  inspection.  The  tests  were  made  at 
the  United  States  Arsenal,  Watertown,  Mass. 

The  material  showed  the  following  properties  : — Tensile 
strength  average,  53,000  pounds  per  square  inch  of  section,  elon- 
gation 31  per  cent,  in  15  inches,  and  50  per  cent,  contraction  of 
area.  The  accompanying  sketch  shows  the  strain  diagram  of  the 
material.  During  the  past  summer  the  boilers  were  used  to  their 
full  capacity  night  and  day.  By  some  oversight  the  water  was  al- 
lowed to  fall  below  the  upper  row  of  tubes,  exposing  the  crown 
sheet  of  the  combustion  chamber  to  the  direct  action  of  the  fire 
with  no  protection  whatever,  and  a  steam  pressure  on  the  boiler 
of  GO  pounds  by  gauge.  The  effect  of  this  was  to  heat  the  plates 
composing  the  crown  sheet,  also  the  flange  of  the  tube  sheet  to  a 
high  degree  of  temperature.  An  inspection  of  the  boiler  indi- 
cated that  the  water  must  have  been  near  the  bottom  of  the 
second  row  of  tubes  from  the  top.  This  water  line  was  quite  dis- 
tinctly marked  on  the  sides  of  the  boiler.  The  steel  tube  sheet  is  ^^r 
inches  thick,  and  flanged  to  the  crown  sheet  and  supports  it  at 
this  side. 

The  back  flange  of  crown  sheet  is  riveted  to  the  back  sheet  of 
combustion  chamber,  which  is  secured  to  the  outside  shell  by  one 
and  one-quarter  inch  socket-stays  with  nuts  and  washers  on  both 
ends.  This  connection  was  partly  exposed  and  overheated.  The 
sheets  on  examination  indicated  by  every  appearance  that  the 
material  had  been  exposed  to  a  high  temperature.  The  fusible 
plugs  were  all  melted  out. 

The  effects  of  heating  the  plates  and  the  pressure  of  60  pounds 
of  steam  on  the  outside,  was  to  force  the  crown  sheet  down  by 
the  yielding  of  the  tube  sheet,  until  the  rivet-heads  in  the  flange 
struck  the  tube  ends,  the  flange  at  the  back  connection  following 
as  far  as  the  upper  row  of  stays  would  allow  it  to  bend  over,  and 
being  under  water  the  strain  could  not  pull  the  heads  through. 

The  corrugations  did  not  change  their  form  to  any  great 
amount,  and  remained  intact. 

Those  in  charge  of  the  boiler,  not  fully  realizing  how  low  the 
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water  was  in  the  boiler,  put  the  feed  pump  on  and  filled  the 
boiler  almost  immediately  up  to  the  regular  water-line.  This  of 
itself  would  be  considered  a  pretty  severe  strain  on  any  material, 
but  with  steel  plates  it  seems  almost  incredible  that  the  plates  did 
not  crack. 

Owing  to  the  leaking  of  the  tubes  and  the  quantity  of  water 
flowing  from  the  fusible  plugs  it  was  considered  advisable  to 
shut  the  boiler  oflF  and  draw  the  fires. 

On  examining  the  sheets,  it  was  found  that  tlie  tube  sheet 
showed  no  signs  of  cracking.  It  was  taken  out,  the  flange  bent 
back  into  position,  and  it  is  now  working  at  the  usual  pressure  of 
60  pounds,  as  good  a^  ever  it  was.  From  the  severe  test  this 
material  stood,  it  seems  that  steel  plates  for  boiler  use,  as  at  present 
manufactured,  are  capable  of  standing  a  good  deal  of  rough 
usage,  either  from  carelessness  or  accidents. 


IV. 


EARLY  MINING  OPERATIONS  IN  BERKS  AND  CHESTER 

COUNTIES.* 

Hy  J.  II.  Harden,  Active  Member  of  the  Club. 
Bead  October  16M,  1S86. 

These  records  of  the  early  mining  operations  for  iron  ore  go 
back  to  the  year  1830  (50  years).  The  furnaces  represented  by 
the  "  Mining  Company  "  were  as  follows  : 

Warwick,  Chester  Co.,  Iniilt  in  the  vear  173() 


Hopewell,      " 

ti 

it 

it 

"   Hod 

Isabella,         " 

u 

li 

it 

Joanna,  Berks 

u 

ti 

ti 

"     1794 

Mount  Penn,  " 

IC 

a 

t( 

"    1827 

Phoenixville,  Cliester  Co." 

a 

"     1845 

Hampton,  Berks  Co., 

tt 

tt 

"     1846 

Monroe, 

*Note8  collected  from  the  minute  books  of  the  "  Mining  Company  "  in  the  ix)sses' 
sion  of  the  Hon.  John  T.  Potts  and  other  sources. 
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It  appears  from  the  dates  given  mining  has  been  carried  on 
150  years,  although  the  operations  hereafter  referred  to  go  back 
only  50,  and  cover  a  period  of  21  years,  up  to  1857.  Mr.  John  T. 
Potts  tells  me,  however,  that  earlier  records  were  in  possession 
of  the  family  at  Warwick,  until  they  became  such  an  incum- 
brance as  to  be  doubtless  destroyed  at  house-cleaning  times.  At 
the  present,  only  one  of  the  furnaces  (Joanna)  is  in  blast  in  its 
original  shape  under  the  management  of  the  proprietor,  Col.  L. 
Ileber  Smith.  Hopewell  and  Hampton  were  in  blast  within  the 
past  five  years.  The  principal  locations  referred  to  are  the 
Jones  mine,  near  Joanna  Station,  on  the  Wilmington  and  North- 
ern R.  R.,  and  Warwick  mine,  Warwick,  on  the  St.  Peter^s 
branch  of  the  same  road,  the  former  in  Berks  the  latter  in 
Chester  county,  distance  apart  some  three  miles,  on  what  is 
known  as  the  "  Warwick  Furnace  "  lands,  52  tracts,  containing 
10,925  acres.  The  right  to  dig  iron  ore  belongs  at  the  present 
time  to  five  firms  or  individuals  in  different  proportions,  any  one 
of  which  may  dig  ore,  but  is  required  to  answer  for  all  taken 
away  in  excess  of  his  or  their  proportion  to  the  other  owners  at 
the  rate  of  50  cents  a  ton. 

The  "Mining  Company." 

It  was  the  custom  of  the  Mining  Company  to  meet  once  a  year 
or  oftener.  At  the  first  meeting,  April  4th,  1836,  Messrs.  Potts, 
Brooke,  Rutter,  Smith  and  Schwartz  attended,  when  the  quantity 
of  ore  ordered  to  be  mined  during  the  season,  from  the  Jones  and 
Warwick  mines,  was  as  follows : 

Jones.  Warwick.    Washed. 

Warwick  l^^'urnace,       .     .     1,500  

Isabella  "        ...     1,600  600  400 

Hopewell     '  "         ...     1,000  

Mount  Perm   "        ...     2,500              100 
Kiems  &  Co.,  Monroe  Fur.    1,500  


Joanna  Furnace,      .     .     .     1,200  450  

9,300  1^15(7  400 

Mr.  Wm.  Mcllvain,  the  manager  (now  President  of  the  Second 
National  Bank  at  Reading),  was  directed  to  ascertain  whether 
the  "  wash  dirt ''  ke})t  separate  last  year  is  worth  the  cost. 
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At  this  timo  miners'  wages  were  from  $18  to  $20  per  month, 
and  the  ore  raised  by  contract  cost  $1.25  to  $1.50  a  ton.  A 
strong  boy  with  horse  and  cart  was  worth  $1.25  a  day. 

May  2d,  183G.  The  Company  directed  the  payment  of  Mr. 
Lloyd's  bill  for  tunneling  at  "  Steel's  Mine,"*'  where  77  yards  had 
been  driven  at  a  cost  of  from  $2  to  $15  per  yard,  and  the  location 
was  abandoned.  On  the  same  date,  $548  was  paid  for  125  yards 
of  work  at  Jones'  mine. 

August  Ist,  183().  Mr.  Mcllvain  was  ordered  to  get  an  auger 
and  bore  for  ore. 

October  3(Z,  1830.  The  Company  directed  the  "  coppery  ore  " 
should  be  kept  separate  and  mining  to  be  conducted  to  avoid  it. 

April  3d,  1837.  "The  Company  find  great  fault  with  the  cop- 
pery ore." 

June  othj  1837.     Ore  ordered  for  the  season : 

Jones.  Warwick. 

John  Schwartz,  Mount  Penn,    ....  1,500  300 

Clement  Brooke  &  Co.,  Hopewell,    .     .  500          

Smith  ct  Darling,  Joanna, 1,000  350 

H.  ct  D.  Potts,  Isabella, 1,200  1,000 

Kiems,  Jones  tt  Co.,  Monroe,    ....  1,500          

D.  Potts,  Warwick, 1,200  350 

6,900  2,000 

January  8thf  1838.  Clement  Brooke  was  elected  President,  and 
John  Schwartz  Secretary  of  the  Company.  Mr.  Mcllvain  to  get 
a  pump  to  go  by  steam  or  horse-power  for  "  Warwick  mine 
holes." 

February  6th. — Robert  T.  Potts  appointed  Manager  at  the 
"lower  mine  holes"  (Warwick)  at  $1  per  day,  Sundays  included, 
to  commence  as  soon  as  the  season  permits  and  to  continue  one 
year.  During  the  season  the  several  furnaces  required  7,000  tons 
of  Jones  and  4,000  tons  of  Warwick  ore. 

During  the  year  1839  Mr.  R.  S.  Potts  was  continued  as  Man- 
ager, at  a  salary  of  $500.  The  improvements  at  Warwick  were 
valued  at  $037.75;  miners'  wages,  $20  to  $22  per  month;  2,G0() 
tons  of  ore  washed  by  the  Company  cost  $1.45  per  ton ;  1,400  tons 
by  contract  cost  $1.25  per  ton. 
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Ore  required  by  the  several  furnaces  for  the  season,  0,600  tons 
from  Jones'  mine  and  3,400  tons  from  Warwick. 

October  9th,  1839. — Mr.  R.  S.  Potts  directed  to  search  for  ore  at 
Warwick  and  allowed  to  spend  $200.  Nov.  ith. — An  additional 
$100  was  allowed  for  the  same  purpose. 

April  8th,  1840. — Ore  required  for  the  season  from  Jones'  mine, 
2,400  tons ;  from  Warwick,  7,100  tons. 

January  12th,  1841. — Messrs.  Reeves  &  Whitaker  were  admitted 
into  partnership  on  payment  of  one-seventh  of  the  value  of  the 
stock  (§1,350),  afterwards  changed  to  one-sixth  share.  Ore  re- 
(fuired  for  the  season  from  Warwick,  2,500  tons;  from  Jones, 
0,800  tons,  the  Phamixville  furnaces  taking  700  of  Jones,  and  500 
of  Warwick  ore,  all  of  which  was  hauh^d  by  mule  teams,  an  aver- 
age distance  of  18  miles. 

January  Ist,  1843. — Jonathan  JSidle  admitted  to  the  Company 
on  payment  of  one-seventh  for  machinery,  tools,  etc.,  and  the  same 
amount  for  finding  the  "  Red  ore  "  at  Jones*  mine  ;  total,  $575.04. 
The  furnaces  require  for  the  season  from  Jones'  mine,  5,000  tons; 
Warwick,  4,150. 

February  (Sth,  1844. — Resolved  that  each  furnace  contribute  $12 
towards  paying  the  expenses  of  searching  for  ore  at  "Steel's 
mine." 

April  2d,  1844. — Complaints  of  the  mine  water  running  into 
the  streams. 

Ore  required  for  the  season  from  Jones'  mine,  4,400  tons ;  War- 
w-ick,  0,350 ;  1,000  tons  of  which  went  to  Phoenixville. 

December  3d,  1844. — Mr.  Wm.  Mcllvain  resigns  the  management 
of  Jones'  mine,  and  Mr.  Hartley  Potts  appointed  from  April  1st, 
1845,  at  a  salary  of  $550.  Mr.  Robert  Potts  continued  at  War- 
wick at  a  salary  of  $550.  "  Resolved,  that  the  Company  tender 
their  thanks  to  Mr.  Mcllvain,  for  the  faithful  manner  he  has  dis- 
charged his  trust,  and  that  the  Company  is  fully  satisfied  with 
the  manner  the  business  has  been  transacted ;  further,  that  each 
member  testifies  the  same  by  his  signature." 

(Signed  by)  David  Potts,  Jr.,  Jonathan  Sidle, 

Clement  Brooke,        David  Potts, 
Levi  B.  Smitif,  John  Schwartz. 
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January  4^/a,  1845. —  Ore  required  for  the  furnaces  from 
Jones'  mine,  4,200  tons;  from  Warwick,  11,600  tons. 

April  Sthf  1845. — "  Resolved,  that  the  property  at  the  Warwick 
mine,  lately  purchased  from  Geo.  Miller,  be  held  in  equal  shares 
and  the  title  be  made  in  trust  to  Robert  S.  Potts  for  the  Mining 
Company."  Messrs.  Reeves  &  Whitaker  protest  against  their 
order  of  2,500  tons  of  ore  from  Warwick  (the  nearest  location  by 
three  miles  to  their  furnaces)  being  cut  down  to  1,500  tons. 

October  Ith,  1845. — Three  or  four  acres  of  land  purcliased  from 
Frederick  Ray,  for  the  use  of  the  Mining  Company. 

April  7th,  1S4G. — Members  of  the  Company  prcsc^nt :  Messrs. 
Brooke,  Smith,  Buck,  Ed.  Brooke,  H.  Potts  and  J.  Schwartz.  Ore 
required  for  the  season  from  Jones'  mine,  9,900  tons;  Warwick, 
8,900  tons. 

May  5th,  184G. — Robert  T.  Potts  to  purchase  a  lot  of  ground  for 
a  dam  (mud  dam),  from  James  Catter. 

November  3d,  1846. — Robert  T.  Potts  to  search  for  ore  at  the 
Warwick  mine  holes  and  to  continue  as  Manager. 

December  Ist,  184G. — Damages  to  the  lands  of  Jacob  Filman  and 
Frederick  Francis,  to  be  settled  on  the  best  terms  attainable. 

Hartley  Potts  to  continue  as  Manager  at  Jones'  mine  for 
another  year. 

April  5thy  1847. — John  Schwartz  directed  to  settle  the  accounts 
of  Hartley  Potts  for  the  year  ending  April  1st,  1847,  as  follows : 

Dr.     Hands  employed  as  Washers,  Carters,  etc.,        .     $3,057.95 

Carts  and  hands, 1,699.141 

General  charges, 2,159.28 

6,916.371 
Cr.     Smith  work, 76.56 


$6,839,811 


Cr.     5,600  tons  of  ore  at  §1.22^,  delivered  to  the 
furnaces  as  follows: 
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Mount  Penn., 

Phoenixville, 

Monroe, 

Isabella, 

Warwick, 

Joanna, 

Hopewell, 

Hampton, 


iy  Mining  t 

fperatwns. 
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1,100  tons, 

^1.22i 

$1,343.37 

800     " 

u 

977.00 

420    " 

it 

512.92 

280    " 

u 

341.95 

800    " 

u 

977.00 

G50     " 

u 

793.81 

650    " 

(1 

793.81 

900    " 

(1 

1,099.12 
$0,838.98 

Ore  rec^uired  for  the  season  from  Jones'  mine,  11,400  tons ;  from 
Warwick,  5,200  tons. 

November  2d,  1847. — Horse-power  and  iron  pump  to  be  placed  at 
Jones  and  at  the  same  time  at  Warwick  mine. 

December  7th,  1847. — Managers  continued  and  the  pumps  to  be 
kept  running  until  ore  raising  begins. 

April  4thy  1848. — Ore  wanted  for  the  year  from  Jones*  mine, 
12,900  tons ;  from  Warwick,  4,300  tons. 

December  5thy  1848. — Managers  continued  for  the  coming  season's 
work.  Mr.  l^otts  to  engage  an  "  under-manager  "  for  the  Jones' 
mine.  The  expenses  in  search  for  ore  to  be  paid  by  each  furnace 
in  proportion  to  quantity  received. 

February  ISth,  1849. — Peter  Ubil  to  have  charge  of  the  old  mines, 
and  John  Kenny  of  shafts  and  drifts,  subject  to  the  "  head 
manager,'*  Ubil  to  receive  S500  per  annum  and  Kenny  $8  per 
week. 

Ajml  od,  1849. — Pump-house  at  shaft  and  drift  to  be  enlarged 
and  the  power  increased.  The  Company  to  dig  a  well  in  such  a 
place  as  Mr.  II.  Potts  shall  direct.  The  ores  and  mining  accounts 
to  be  kept  separate.  Ore  required  for  the  season  from  Jones' 
mine,  8050  tons;  from  Warwick,  3,900  tons. 

November  iSth,  1849. — Resolved  to  purchase  an  engine  of  ten  or 
fifteen  horse-power  for  Warwick  mine,  also  one  for  Jones'  mine,  to 
be  put  up  next  season  or  the  season  following. 

December  ith,  1849. — Robert  T.  Potts  continued  as  manager, 
salary,  §550;  Hartley  Potts,  §400,  and  Peter  Ubil,  as  under- 
manager,  at  '^400. 


I 
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February  5th,  1850. — None  of  the  Company  to  be  allowed  over 
2,500  tons  of  ore  for  the  season.  Warwick  furnace  to  have  3,500 
in  consideration  of  advantages  received  from  Mr.  D.  Potts. 

Ore  required  from  Jones'  mine,  8,100  tons ;  from  Warwick 
mine,  4,250. 

June  4th,  1850. — Give  orders  to  wash  the  "  body  mine ''  that 
requires  it. 

November  5th,  1850. — Hartley  Potts  to  inquire  about  a  second- 
hand engine  there  is  for  sale  at  Reading. 

February  4th,  1851. — Ore  required  for  the  season  from  Jones' 
mine,  7,800  tons ;  from  Warwick,  4,300  tons. 

May  Gth,  1851. — The  manager  at  Warwick  mine  is  ordered  to 
open  a  shaft  450  feet  north-east  from  the  present  shaft,  to  be  un. 
watered  by  a  connecting  rod  attached  to  the  engine. 

December  IGth,  1851. — John  Schwartz  sold  his  interest  in  the  War- 
wick mine  (except  the  land)  for  §300,  with  permission  to  re-enter 
at  any  time  by  repaying  that  amount  and  for  the  improvements. 

Robert  T.  Potts  contracts  to  raise  from  the  Warwick  mine 
3,500  tons  of  ore,  at  §1.371  per  ton,  the  C/ompany  to  remove  and 
put  the  engine  in  order.  Mr.  Potts  agrees  to  work  in  a  skillful 
manner  and  take  out  all  the  ore  as  near  as  practicable  ;  to  break 
the  ore  ready  for  loading  in  frosty  weather ;  to  keep  all  tools  be- 
longing the  Company  in  good  order ;  also,  the  engine  and  hoist- 
ing gear,  pumps,  etc.  In  case  of  foul  air  in  the  mines,  the  Com- 
pany agree  to  furnish  the  means  for  getting  it  out. 

"  Resolved,  That  David  Potts  &  Co.,  of  Isabella,  be  paid  §300 
by  those  operating  at  Warwick  mine,  for  all  their  interest,  except 
their  share  in  the  lands."  "  Those  of  the  Company  operating  at 
Jones'  mine,  to  pay  §oOO  for  the  interest  held  by  them  (D.  P.  & 
Co.)  at  that  place." 

Hartley  Potts  contracts  to  raise  ore  at  Jones'  mine  for  §1.371 
per  ton.  Ore  ordered  for  1852,  from  Jones'  mine,  4,200  tons; 
from  Warwick,  3,700  tons.  Reeves,  Buck  &  Co.  ordered  508  tons 
from  Warwick,  not  having  had  any  since  1848. 

July  Gth,  1852. — Want  a  new  working  barrel  for  the  small  pump 
at  Warwick  mine. 

December  4th,  1855. — Hartley  Potts  continued  as  manager 
at  Jonas'  mine,  and  Frederick  Ricliards  appointed  to  succeed 
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Robert  T.  Potts  at  Warwick,  salary  $450  per  annum,  and  tlie 
same  privileges  Mr.  Potts  had. 

February  lothj  185G. — Mr.  Kaufman  to  have  one-fourteenth 
interest  in  the  present  shaft,  to  be  taken  from  Mr.  Potts'  interest 
in  the  same.  Expenses  to  be  settled  by  them.  Frederick  Rich- 
ards instructed  to  increase  his  force  and  take  out  50  tons  daily. 
To  employ  hands  to  gather  "  top  ore  "  at  $2.00  per  ton. 

March  Athy  1850.    Agreed  to  move  the  engine  at  Jones'  mine. 

January  Gthy  1857.  The  Company  agree  to  continue  the  present 
managers.  Mr.  Kaufman  allowed  to  sell  his  interest  in  the 
Warwick  mine  to  Dr.  Clingan. 

Upon  a  loose  slip  pinned  to  the  cover  of  one  of  the  minute 
books  is  the  following  record : 


Date. 

Tuns  mined. 

CoHk  per  ton. 

Total  cost. 

1836 

G,668 

$1.06 

$7,068 

1837 

6,772 

1.25 

8,463 

1838 

7,000 

1.10 

7,700 

1839 

6,600 

1.00 

6,600 

1840 

7,00!> 

1.05 

7,359 

1841 

6,800 

1.00 

6,800 

1842 

5,350 

1.05 

5,017 

1843 

4,000 

1.09 

4,000 

1844 

5,000 

1.00 

4,000 

55,199  tons, 
ore 

•                               •                                   • 

^58,607 

Surplu.s 

10,000  tons 

!VIined 

•                                   ■                                   « 

Total,  . 

•                               • 

.      55,199    " 

65,199    " 

-^ — 

Cost  $58,007^90  cents  per  ton. 

Ill  search  of  further  information  relating  to  early  mining  opera- 
tions, I  received  the  following  letter  through  my  friend,  Mr. 
Samuel  Wynn,  Phoenixville. 

IIarrisburg,  August  31st,  1882. 
Samuel  Wynn,  Es(i. 

Dear  Sir : — I  have  scarcely  anything  in  my  possession  in  re- 
gard to  the  "  Pennsylvania  Copper  Company."  This  all  had  taken 
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place  before  I  was  born.  From  a  memorandum  book  of  my  dear 
father's,  I  find  Captain  Henry  Thomas  was  manager  and  cashier. 
Captain  Thomas  was  from  Falmouth,  County  Cornwall,  England. 
The  mine  (Jones'  mine)  must  have  been  opened  the  beginning  of 
the  year  1805,  as  my  dear  father  arrived  in  the  spring  of  180G,  as 
smelter  of  ores  for  the  company.  Captain  Thomas  died  May, 
1808.  Then  my  father,  Ricliard  Trewick,  was  elected  manager 
and  treasurer  of  the  Company.  It  was  in  existence  it  appears 
from  1805  to  1811,  not  proving  productive  was  sold  out  by  the 
sheriff.  If  the  stock  book  is  in  existence,  it  must  be  in  the  hands 
of  the  late  W.  P.  Ilobart,  Esq.,  of  Reading,  or,  perhaps,  the  Potts 
family. 

My  father,  Richard  Trewick,  came  from  Falmouth,  County  of 
Cornwall,  England.  I  have  no  documents  of  any  kind  in  my 
possession  that  would  give  any  further  description  of  the  mine, 
they  being  all  destroyed  by  my  father's  removal  to  the  west.  I 
heard  my  father  say  they  worked  their  engine  with  wood  and  it 
cleared  off  acres  of  it  and  made  the  works  very  expensive. 

The  great  difficulty  has  always  been  to  extract  the  copper  from 
the  iron,  they  being  of  the  same  weight  (specific  gravity.) 

Very  respectfully, 

W.  L.  Trewick. 

The  following  very  interesting  letter  was  received  from  Mr.  Wm. 

Mcllvain,  President  of  the  Second  National  Bank  of  Reading, 

(formerly  manager  of  Jones  &  Warwick  Mines),  in  answer  to  my 

inquiry  for  information  : 

Reading,  Pa.,  October  oth,  1882. 
John  H.  Harden,  Esq. 

Dear  Sir : — I  don't  see  that  I  can  give  you  any  information  in 
regard  to  Jones'  mine  that  will  be  of  service  to  you ;  if  I  could  I 
would  gladly  do  it. 

About  January,  183G,  the  Iron  Masters  getting  ore  there 
formed  a  company,  "  The  Berks  &  Cliester  Mining  Company," 
and  employed  me  as  manager.  I  was  there  until  1845.  Previ- 
ous to  my  going  tliere,  each  furnace  had  raised  their  own  ore ; 
there  was  no  system,  no  regular  opening ,  they  would  dig  a  hole 
and  throw  the  ore  and  dirt  up  with  shovels  and  pump  the  water 
by  hand. 
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When  I  commenced  I  was  directed  to  cast  the  dirt  entirely  out 
of  the  way  and  put  in  horse  pumps.  We  then  had  an  opportunity 
of  seeing  what  there  was  there.  At  tliat  time  the  ore  was  used 
chiefly  for  charcoal  furnaces,  the  copper  and  sulphur  ore  was 
selected  from  the  good  ore  and  deposited  in  large  heaps  on  the 
bank,  which  was  afterwards  used  up  by  separating  the  iron  from 
the  copper  by  magnets.  There  were  some  beautiful  specimens  of 
copper  ore  taken  out  by  a  Mr.  Simons.  While  I  was  there  I  in- 
vented a  washing  machine  and  used  it  all  the  time  I  was  there; 
it  paid  the  company  well.  Afterwards,  John  ^lilholland,  of  this 
place  (Reading),  put  two  in  one  trough  and  had  it  patented.  I 
see  them  used  now  quite  extensively.  We  had  two  running  by  H. 
P.  If  I  can  give  you  any  information  that  will  be  of  use  to  you, 
I  will  gladly  do  it.  Mr.  Joseph  Whitaker  was  the  gentleman 
from  Phoenixville  who  attended  the  mine  while  I  was  there. 

Yours  truly, 

Wm.   ^fclLVAIN. 

This  letter  is  important  as  identifying  the  inventor  and  first 
use  of  the  "log  washer,"  built  from  timber  10  to  15  feet  in  length, 
and  9  to  12  inches  diameter,  into  which  blades  (blade  shown)  of 
wrought  iron  were  driven  at  intervals  in  its  circumference  and 
length,  forming  a  rude  sort  of  propeller.  This  was  supported  in 
journals  at  each  end,  revolved  in  a  water-tight  trough,  both 
slightly  inclined.  The  "  wash  ore  "  was  fed  at  the  lower  end, 
the  water  at  the  upper,  and  the  revolutions  of  the  propeller 
moved  the  material  in  the  box  in  the  opposite  direction  to  the 
flow  of  water,  carrying  the  heavier  and  coarse  material  out  at 
the  upper,  while  the  water  carried  the  dirt  and  mud  out  at  the 
lower  end.  Coarse  refuse  had  to  be  picked  from  the  ore  after 
being  washed.  Such  a  machine  was  used  at  the  Kenny  mine, 
near  to  Jones*  mine,  within  the  past  five  or  .six  years,  by  Mr.  II. 
Ilarvey,  who  was  at  that  time  mining  for  Col.  Smith.  It  was 
driven  by  horse  power,  and  answered  every  purpose  of  washing 
the  limited  amount  of  ore  mined. 

The  invention  referred  to  by  Mr.  Mcllvain  as  having  been 
patented  by  Mr.  Milholland,  of  Reading,  was  a  combination  of 
two  such  propellers,  revolving  in  opposite  directions,  in  the  same 
trough,  a  much  more  effective  machine  for  washing  the  clay 
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from  hematite  ores.    The  Carter  washer  is  another  modification 

of  Mr.  Mcllvain's  invention.     It  is  a  wrought  iron  cylinder,  10 

feet  long,  three  feet  diameter  at  one  end,  and  six  feet  at  the 

other ;  the  blades  are  riveted  inside,  the  ore  is  fed  at  the  large 

end,  the  water  at  the  small  end. 

The  following  letter  was  received  from  Mr,  Nicholas  Jones  of 

Reading  : — 

Reading,  Oct.  3rd,  1882. 
Mr.  John  H.  Harden, 

Dear  Sir  : — Your  communication  was  duly  received,  making 
inquiry  in  regard  to  the  early  mining  at  Jones'  mine.  I  regret 
to  say  that  I  am  unable  to  give  you  any  information  on  the  sub- 
ject. Our  family  had  no  title  in  them,  except  one  small  share, 
purchased  about  1830,  in  order  to  obtain  a  right  to  mine  ore  for 
the  use  of  Winsor  and  Schuylkill  furnaces.  Mr.  William  R. 
Mcllvain  was  engaged  to  attend  to  the  mining  operations. 

Most  respectfully  yours, 

Nicholas  Jones. 

The  name  Jones  was  derived  from  a  Welsh  family.  David, 
born  in  Wales  in  1709,  died  in  1784.  His  son  Jonathan 
took  out  a  patent  for  the  Jones  mine  tract  of  39|  acres,  Decem- 
ber 22d  1773,  when  it  was  known  as  "Jones' good  luck,"  and 
sold  the  same  to  Mark  Bird,  February  14th,  1774.  Jonathan  was 
born  in  1738,  and  died  in  1782.  Mineral,  copper  or  iron  was 
evidently  discovered  by  one  or  other  of  these  men.  It  was  not 
unusual  to  own  land  in  those  days  without  a  patent,  and  the 
discovery  would  lead  the  owners  to  protect  their  property  by 
patent.  Again,  the  sale  to  Mark  Bird  was  made  two  months 
after  the  patent  had  been  granted,  and  probably  the  title  was  per- 
fected for  that  purpose.  We  find  no  authority  for  the  date  of  the 
arrival  of  David  Jones  in  America,  but  there  is  a  probability  of 
his  having  been  brought  over  to  work  in  the  iron  works,  as  we 
find  he  would  be  27  years  of  age  when  Warwick  Furnace  was 
built.  We  have  no  certain  record  of  the  use 'of  this  ore  for  iron 
working  until  a  much  later  date. 

From  the  records  of  Berks  County  Court  we  find,  as  early  as 
1801,  the  eastern  boundary  of  the  property  was  in  dispute,  and 
an  amicable  action  was  entered  into  by  the  respective  owners 

VOL.  VI. — 3. 
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— ^Joanna  Potts,  Martha  Eutter  and  Sarah  May,  the  owners  of 
the  Jones  mine  tract  as  plaintiffs,  and  Daniel  Buckley,  Thomas 
Brooke  and  Matthew  Brooke,  the  adjoining  owners,  defendants. 
This  difference  was,  by  consent  of  all  parties,  referred  to  Robert 
Coleman,  Benjamin  Marclay,  John  Ralston,  Patterson  Bell  and 
James  Gibbons,  Esqs.,  or  any  three  of  them.  December  10th,  1801, 
the  referees  submitted  their  report  establishing  what  has  been 
known  as  the  "  compromise  line."  At  the  end  of  56  years  all 
trace  of  this  line  was  lost,  and  in  1857  Clement  Brooke  and  Ed. 
S.  Buckley,  being  the  owners  on  one  side  the  line,  brought  suit 
for  trespass  against  David  Potts,  Jr.,  the  owner  of  the  land  on 
the  opposite  side  the  line,  averring  that  said  Potts  had  mined 
across  the  boundary,  and  had  taken  15,000  tons  of  ore,  of  the 
value  of  $7,000.  The  trial  resulted  in  a  verdict  for  the  plain- 
tiffs for  $1024  and  costs.  The  defendant  carried  the  case  to  the 
Supreme  Court,  where  the  decision  of  the  lower  court  was  re- 
versed. Here  the  matter  rested  until  1882,  when  all  the  parties 
in  interest  agreed  that  Messrs.  Kendall  Brothers  of  Reading 
should  locate  the  disputed  line.  This  they  did  November  3,  of 
the  same  year. 

At  the  present  time  the  mine  is  operated  by  the  E.  &  G. 
Brooke  Iron  Co.,  Birdsboro,  and  the  Phoenix  Iron  Co.,  Phoenix- 
ville,  in  partnership,  the  former  taking  40  per  cent.,  the  latter 
60  per  cent,  of  all  the  ore  mined,  and  paying  the  expenses  of 
mining  in  the  same  proportion.  In  1880, 1881  and  1882  there 
was  mined  37,000  tons.  Durixvg  the  last  four  years  the  mine  has 
been  idle ;  now  we  are  pumpiag  out  the  tvater  preparatory  to 
resuming  active  work.  There  is  no  difficulty  in  obtaining  all 
the  ore  required  by  the  two  companies,  to  the  extent  of  20,000 
tons  a  year  if  necessary.  The  cost  of  mining  is  somewhat  less 
and  wages  paid  more  than  in  former  years.  The  location,  look- 
ing to  a  continued  supply  of  ore,  is  considered  by  those  best  able 
to  judge  a  valuable  one.  A  topographical  map  representing  tlie 
mine  will  be  found  in  the  atlas  to  Report  D*  of  the  Second  Geo. 
Sur.  of  Pa.,  and  a  model  of  the  same  was  exhibited  to  the  Club 
some  time  ago. 

The  ore  is  a  magnetite,  containing  about  4G  per  cent,  metallic 
iron. 
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The  Warwick  mine  is  at  present  operated  by  the  E.  &  G. 
Brooke  Iron  Co.,  Birdsboro.  The  locality  has  been  thoroughly 
explored  by  them  and  the  Phoenix  Iron  Co.,  and  is  not  now  con- 
sidered of  much  value  as  a  producer  of  ore.  Like  the  Cornwall, 
Boyertown  and  the  French  Creek  ores,  the  Jones  and  War- 
wick contain  "sulphur,"  and  require  roasting.  They  have  the 
advantage,  however,  of  low  phosphorous,  rendering  them  suit- 
able for  the  manufacture  of  Bessemer  iron,  for  which  purpose 
the  E.  &  G.  Brooke  Iron  Co.  will  manufacture  pig  for  their  new 
steel  plant. 


V. 


HORIZONTAL  TURBINES  IN  WILLIMANTIC. 

By  John  Obaham,  Jr.,  Active  Member  of  the  Clab. 

Bead  October  2d,  1886. 

Having  had  the  opportunity  to  observe  the  construction  of  the 
Horizontal  Turbines  for  the  Willimantic  Water  Works,  I  have 
thought  that  a  brief  description  of  them  would  be  of  interest  to 
the  members  of  the  Club,  particularly  to  those  engineers  con- 
nected with  hydraulic  work. 

Turbines  as  generally  constructed  are  placed  on  vertical  shafts: 
the  motion  received  from  the  water  being  transmitted  to  the  work 
for  which  the  power  is  to  be  used,  by  means  of  jack  orpine,  hori- 
zontal shafts  with  bevel  gears. 

This  class  of  Turbines  when  rightly  constructed,  with  the 
proper  superstructure  and  gearing,  is  usually  reliable,  and  is  used, 
of  course,  extensively. 

Nevertheless  the  necessary  complication  of  the  gearing  left 
something  to  be  desired,  also ;  the  pressure  of  the  water  and  the 
weight  of  the  revolving  part  of  the  Turbine  produces  an  amount 
of  friction,  which,  besides  absorbing  power,  causes  interruption 
and  expense  in  the  removal  and  replacement  of  the  *'step  "  upon 
which  the  Turbine  revolves. 

Again,  the  position  of  a  set  of  Turbines  can  often  be  more  eco- 
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nomically  and  satisfactorily  located  where  the  surrounding  con- 
ditions admit  of  their  being  placed  horizontally. 

Owing  principally  to  the  difficulty  of  transmitting  altogether 
reliably  and  economically  the  motion  of  a  Turbine  revolving  at 
a  great  velocity — such  as  is  the  case  of  Turbines  operated  under 
a  high  fall  of  water — horizontal  Turbines,  or  to  speak  more  cor- 
rectly, Turbines  placed  on  horizontal  shafts  have  been  made  be- 
fore to  a  limited  extent. 

In  the  case  of  the  Willimantic  Turbines,  the  application  is  to 
a  comparatively  low  fall  of  water — nineteen  (19)  feet — in  fact, 
judging  from  actual  operation  of  the  Turbine  arrangement,  this 
summer,  its  action  with  a  reduced  fall  of  fifteen  (15)  feet  was  so 
satisfactory  as  to  surprise  the  Water  Commissioners. 

The  arrangement  at  Willimantic  consists  of  two  (2)  sets  of  Tur- 
bines, each  operating  two  (2)  pumps:  the  Turbines  placed  upon 
connected  horizontal  shafts  revolving  in  cast  iron  casings,  to  which 
the  water  is  admitted  through  wrought  iron  inlets  six  (6)  feet  in 
diameter. 

The  special  features  of  this  Turbine  arrangement  are  as  follows: 
two  (2)  movable  or  revolving  wheels,  the  blades  of  which  are 
bronze,  are  forty-four  inches  in  diameter,  and  are  secured  to  a 
horizontal  shaft  placed  nine  (9)  feet  above  the  tail  water  or  lower 
level.  They  are  made  to  turn  to  the  right  and  left,  but  placed  in 
such  a  manner  in  relation  to  each  other  as  to  cause  the  shaft  to 
revolve  by  the  action  of  both  Turbines.  The  mechanical  arrange- 
ment is  such  as  to  admit  (by  simply  removing  six  coupling  bolts) 
of  operating  the  pumping  machinery  with  one  Turbine. 

In  this  case  the  end  thrust  caused  by  the  want  of  counter  action 
of  the  second  Turbine  is  taken  up  by  glass  discs  surrounded  with 
oil. 

Another  feature  is  the  mode  adopted  for  controlling  the  action 
of  the  water  by  means  of  sliding  gates  placed  in  front  of  the  guide 
wheels. 

Looking  over  records  of  Jonval  Turbines  constructed,  with  the 
exception  of  "  Geyelin's  Duplex  Jonval  Turbines,"  it  will  be  found 
that  the  gates  heretofore  used  were  placed  below  the  Turbines, 
very  often  at  the  outlet  of  the  draft  tubes,  requiring  for  proper 
construction  a  foundation-plate  resting  upon  a  planked  floor. 
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The  advantages  of  these  sliding  gates  controlling  the  irUet  of  the 
water  instead  of  ^ the  ovilet  are  marked.  They  are:  first,  the 
greater  simplicity  of  the  construction  of  the  wheel-pit,  requiring 
no  planked  floor,  often  very  expensive  to  place  owing  to  the  pres- 
ence of  water.  Second,  a  more  economical  action  of  the  water 
when  contraction  becomes  necessary  in  the  flow  through  the 
Turbine,  caused  by  either  want  of  water  or  want  of  sufficient  re- 
sistance in  the  machinery  to  be  propelled.  Third,  greater  sim- 
plicity in  construction,  consequently  greater  reduction  of  cost. 

The  speed  of  the  Turbine  shaft  when  operated  under  nineteen 
(19)  feet  fall,  is  one  hundred  and  five  (105)  revolutions  per  minute. 

The  motion  of  the  Turbine  can,  by  the  shifting  of  an  open 
pinion,  be  transmitted  to  either  set  of  pumps.     • 

The  general  arrangement  of  the  Willimantic  plant  was  given 
by  Mr.  J.  F.  Fanning,  H.  E.,  and  constructed  and  put  in  opera- 
tion by  the  Camden  Iron  Works,  from  plans  furnished  by  Mr.  E. 
Geyelin,  whose  work  is  so  well  known  in  this  country. 

Accompanying  this  description  will  be  found  a  small  wood-cut, 
which  exhibits  graphically  the  position  of  the  pumps  and  Tur- 
bines, as  well  as  a  drawing  showing  the  construction  and  position 
of  the  movable  wheels  in  the  casing. 


VI. 


CAR  LUBRICATION. 

By  W.  E.  Hall,  Active  Member  of  the  Club. 
Bead  November  6M,  1886. 

What  will  be  the  result  of  the  many  attempts  to  improve  the 
present  condition  of  car  lubrication  and  to  overcome  some  or  all  of 
the  various  annoyances,  particularly  that  of  the  heating  of  journals 
and  brasses,  which  are  now  connected  with  this  important  part 
of  the  transportation  and  motive  power  departments  of  railroads, 
is  a  matter  of  great  interest. 

The  distinction  between  good  and  bad  lubrication  is  simply  a 
comparative  one,  but  the  eflForts  should  always  be  directed  toward 
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reducing  the  frictional  resistance,  wear  of  journals  and  bearings, 
the  combination  of  which  with  the  quantity  and  quality  of  lubri- 
cant required  per  car  per  mile  should  be  taken  when  it  is  desired 
to  obtain  the  most  economical  practice.  For  instance,  it  is  fre- 
quently argued  that  the  wear  of  bearing  metal  per  journal  per 
unit  of  distance  run  is  the  one  important  consideration,  and  the 
metal  which  gives  the  minimum  abrasion  for  this  unit  of  service 
— results  from  a  large  number  of  tests — is  the  best.  But  there  is 
another  wear  going  on  at  the  same  time,  that  of  the  journal,  and 
with  this  it  will  be  remembered  that  when  but  a  small  part  of  the 
journal  is  worn  ofiF  it  is  necessary  to  scrap  the  whole  axle.  It  is 
but  proper  that  this  point  should  be  taken  into  consideration,  for 
while  the  bearing  metal  may  be  giving  the  best  of  service  as 
regards  low  percentage  abrasion,  the  journals  may,  at  the  same 
time,  be  rapidly  wearing  away,  and  the  efficiency  of  the  car  ser- 
vice, therefore,  not  what  it  should  be. 

It  is  often  asserted  that  the  softer  metals  when  used  for  bearing 
purposes  will  wear  journals  more  rapidly  than  will  the  harder 
ones.  This  is  claimed  from  the  amount  of  foreign  matter  which 
becomes  imbedded  in  the  softer  metal  and  which  produces  a 
grinding  action  upon  the  journal.  Car  oil  boxes  are  very  imper- 
fect dust-excluders  and  this  point  may  be  of  some  importance, 
but  with  stationary  engines,  and  especially  with  high  speeds,  the 
general  practice  has  been  in  favor  of  the  softer  metals.  No  results 
have  ever  been  seen  to  verify  the  general  opinion  of  the  eflfect  of 
soft  metals  when  used  for  bearings  upon  car  journals  and,  as  far 
as  known,  the  results  are  simply  surmised.  We  do  not  believe 
that  in  car  work  the  softer  metals  are  as  injurious  to  journal  wear 
as  are  the  harder  ones. 

Practical  requirements  alter  somewhat  the  conclusions  previ- 
ously drawn  in  regard  to  the  comparative  wear  of  journals  and 
bearings  to  obtain  the  most  economical  results.  It  is  still  con- 
sidered proper  that  axles  should  be  withdrawn  from  service  after 
having  made  a  given  mileage,  as  it  is  still  supposed  that  the 
metal — steel  or  iron — deteriorates  and  is  unsafe  after  this  given 
service.  With  this  in  mind  the  bearing  metal  should  be  selected 
such  that  the  wear  of  the  journal  from  the  maximum  to  the  mini- 
mum diameter  would  take  place  when  the  axle  had  made  the 
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given  mileage.  The  bearing  metal  which  will  meet  this  require- 
ment, and  at  the  same  time  give  the  minimum  abrasion  with  cost, 
would  be  the  most  economical.  The  points  of  liability  to  heat 
and  lack  of  uniformity  in  mixture  are,  of  course,  to  be  eliminated 
before  the  abrasion  and  cost  are  considered,  as  they  are  such  as 
influence  the  expense  and  difficulty  of  conducting  transportation 
to  an  extent  which  should  be  prevented  when  it  is  possible. 

Economic  railroad  practice  requires  the  consideration  of  these 
matters,  and  the  combination  of  all  such  as  to  give  the  most  effi- 
cient results  is  desirable. 

In  this  connection  the  lubrication  proper  enters  to  influence 
the  wear  of  both  journals  and  bearings. 

The  method  of  lubrication  which  is  now  used  for  passenger 
and  freight  car  journals  is  somewhat  imperfect  at  its  best,  and 
mucli  more  so  as  carried  out  in  railroad  work.  The  principle  of 
its  action  is  that  the  material  used  in  the  boxes,  whether  fibrous, 
cotton  or  woollen  waste,  is  of  such  a  nature  as  to  retain  and,  it  is 
claimed,  draw  oil  from  the  bottom  of  the  oil  box  to  the  journal  with 
which  it  is  in  contact,  kept  so  by  packing  it  sufficiently  tight  in 
the  boxes  that  the  elasticity  of  the  waste  will  thus  retain  it  in  posi- 
tion. There  are  then  these  points  claimed  for  the  material  used 
in  packing  the  boxes  with  this  method  of  lubrication ;  it  has 
elasticity,  and  the  capillary  property  is  of  such  strength  that  it 
will  not  only  retain  but  actually  draw  oil  from  the  bottom  of  the 
box  to  the  journal.  As  to  what  extent  the  fibrous,  cotton  or 
woollen  waste  meet  the  second  claim,  a  simple  test  will  be  suffi- 
cient to  convince  a  person.  Take,  for  instance,  a  small  amount 
of  dry  woollen  waste,  this  having  the  strongest  capillarity  of  the 
three,  and  place  one  end  in  a  large  cup  half  filled  with  oil,  allow 
the  waste  to  pass  over  the  side  of  the  cup  and  tlie  second  end  to 
rest  upon  a  table.  After  some  twenty-four  (24)  hours  thus  stand- 
ing the  waste  will  be  found  to  be  more  or  less  oily  to  the  touch, 
and  more  than  likely  an  oil-spot  will  be  found  upon  the  table 
where  one  end  of  the  waste  has  been  resting.  From  such  a  test 
the  amount  of  oil,  mineral,  which  woollen  waste  had  thus  ab- 
sorbed after  some  three  (3)  or  four  (4)  days  in  this  condition,  was 
not  much  more  than  noticeable,  and  certainly  far  from  being 
sufficient  to  lubricate  a  car  journal.     Tlie  waste  appeared  to  reach 
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the  mazimum  of  absorption  after  twenty-four  (24)  hours;  that  is, 
no  increase  in  the  amount  of  oil  absorbed  was  noticeable  by  a 
duration  of  the  test  beyond  this  time.  In  this  case  the  conditions 
rather  favored  the  waste,  as  the  fibre  was  placed  so  as  to  be  con- 
tinuous from  the  cup  to  the  table,  which  is  much  better  than' that 
found  in  practice. 

As  it  is  evident,  .then,  that  the  capillary  property  goes  for 
naught,  the  next  best  point  with  the  method  of  lubrication  in 
question  is  the  power  of  the  packing  material  to  retain  oil,  by 
which  that  in  contact  with  the  journal,  when  oil  is  poured  upon 
it,  will  be  in  a  good  condition  for  lubrication. 

From  the  manner  of  attending  to  car  boxes  it  is  found  that  the 
waste  from  the  frequent  but  small  doses  of  oil  which  it  receives 
does  not  reach  its  best  condition,  that  is,  the  waste  thoroughly 
saturated  when  the  upper  part,  or  that  next  to  the  journal,  is 
able  to  retain  a  larger  percentage  of  oil,  until  after  it  has  made 
considerable  mileage  and  then  it  is  that  the  lubrication  of  the 
journal  obtained  by  this  method  is  the  most  efficient.  So  it  is 
that  new  waste  when  put  into  boxes  will  always  make  the  jour- 
nals reach  a  higher  "  running  heat,"  which  although  advan- 
tageous as  increasing  the  fluidity  of  the  lubricant  and,  therefore, 
decreasing  the  co-efficient  of  friction,  yet  is  objectionable  as  re- 
ducing the  condition  of  lubrication  to  a  more  sensitive  one,  and 
more  likely  to  influence  the  production  of  hot  journals.  For  this 
latter  reason  a  low  "  running  heat,"  of  say  seventy-five  (75°) 
degrees  Fahrenheit,  while  giving  a  somewhat  higher  frictional 
resistance,  is  desirable. 

It  is  always  advisable  to  saturate  new  waste  as  thoroughly  and 
as  long  as  possible  before  placing  in  car  boxes  and  to  use  waste 
for  repacking,  and  when  it  does  not  contain  sand  or  grit  that  has 
seen  more  or  less  service. 

It  will  then  be  noticed  in  the  present  method  of  lubricating 
car  journals,  that  immediately  after  the  box  has  been  oiled,  the 
top  of  the  waste  is  well  saturated  and  all  in  good  condition  but  a 
short  time  will  dry  the  waste  in  contact  with  the  journal  of  what- 
ever oil  it  may  contain  by  its  falling  to  the  bottom  of  the  box, 
dissipation  and  leakage  at  the  mouth  and  back.  While  the  box 
may  contain  abundance  of  oil  at  the  bottom,  the  top  of  the  waste. 
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where  it  is  desired  the  oil  should  be,  is  comparatively  dry  and 
inefiBcient.  In  this  connection  a  mixture  of  cotton  and  woollen 
waste — ^half  and  half — is  found  to  give  better  service  than 
either  used  alone.  The  woollen  waste  has  the  elasticity, 
and  the  cotton  waste,  while  not  absorbing  as  well,  seems  to  keep 
the  oil  in  the  desired  position  better  than  does  the  former.  This 
is  due  to  the  cotton  packing  closer  and  tighter  than  does  the 
woollen  waste. 

The  recent  experiments  of  Mr.  Beauchamp  Tower  have  thrown 
much  light  upon  the  subject  of  lubrication.  Three  methods  of 
lubricating  were  tried,  and  it  was  found  that  the  oil-bath  under 
the  journal  gave  by  far  the  most  eflScient  results.  With  the 
several  methods  the  comparative  frictional  resistances  were : 

Oil  bath 1 

Pad  saturated  with  oil  under  and  in  contact 

with  journal 6.48 

Syphon  Lubricator 7.06 

The  syphon  lubricator  was  placed  in  the  bearing  at  a  point 
where  the  maximum  pressure  was  exerted,  in  the  centre  line,  and 
showed  conclusively  after  many  trials  that  such  a  method  of  lu- 
brication, with  even  much  lower  pressures  than  used  in  car  work, 
was  next  to  useless.  These  figures  are  rather  surprising,  and 
show  beyond  question,  from  the  reliability  of  the  experiments, 
that  the  attempts  to  improve  the  manner  of  lubricating  car  jour- 
nals should  be  directed  toward  the  use  under  the  journal  of  an  oil 
bath,  or  its  nearest  practical  approach. 

It  is  not  intended,  however,  to  discuss  now  the  experiments 
referred  to,  but  it  is  hoped  an  opportunity  will  enable  an  early 
presentation  of  a  paper  upon  the  general  subject  of  car  lubrication 
for  discussion  by  the  members. 

It  is  thought  that  suiBBcient  has  been  said  to  show  the  crude 
and  inefficient  condition  of  the  present  method  of  car  lubrication ; 
the  practical  reasons  for  so  concluding  can  be  more  forcibly 
shown  by  figures  at  some  meeting  in  the  future. 

It  is  surprising  to  see  the  amount  of  scepticism  which  exists  in 
regard  to  this  subject  and  among  those  who  have  had  the  most 
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extended  experience,  which,  probably,  has  been  brought  about  as 
much  by  the  numerous  unsuccessful  "  rattle-traps "  that  have 
been  designed  and  constructed  for  the  purpose  of  accomplishing 
the  lubrication  of  car  journals  as  from  any  other  cause. 


VII. 


FATAL  ACCIDENTS  IN  ANTHRACITE  MINES. 

a 

By  Frank  A.  Hnx,  Active  Member  of  the  Club. 
Read  November  6th,  1886. 

The  dangers  of  anthracite  mining  are  manifold,  a  detailed  his- 
tory of  its  accidents  would  be  one  of  mixed  carelessness,  heroism 
and  seeming  fatality.  During  the  year  1885  the  community  was 
startled  by  the  accounts  of  three  accidents  by  which  forty-two 
lives  were  lost;  one  at  Mocanaqua,  Luzerne  County,  August  11th, 
by  which  ten  men  were  suffocated ;  one  at  Plymouth,  Luzerne 
County,  October  21st,  by  which  six  men  were  burned  to  death, 
and  one  at  Nanticoke,  Luzerne  County,  December  18th,  by  which 
twenty-six  men  were  buried  by  quicksand. 

These  unfortunate  occurrences,  with  all  their  sad  surroundings, 
thrilled  us  with  horror,  while  the  papers,  with  their  accustomed 
energy,  fed  us  with  sensational  descriptions  which  were  digested 
without  regard  to  their  truth  or  accuracy.  The  fact  of  the  loss  of 
these  forty-fv\^o  lives,  however,  stands.  This  record  of  death  is 
truth. 

These  fatalities  succeeding  each  other  so  closely,  and  stamped 
on  the  public  mind  with  all  the  impressivcness  of  reporters'  rhet- 
oric and  of  editorial  criticism,  have  given  the  impression  that  our 
anthracite  accidents  are  rapidly  increasing,  and  that  the  life  of  the 
miner  is  little  considered. 

The  duty  of  mining  engineers  and  superintendents  is  to  obtain 
the  greatest  yield  at  the  least  cost  of  money  and  life.  That  our 
yield  is  more  than  sufficient  to  meet  the  demands  of  the  market 
is  proven  by  the  existence  of  the  coal  combination  with  its  restric- 
tion policy.  That  our  system  of  working  is  growing  better  and 
more  economical  is  shown  by  the  present  cost  of  coal  at  the 
mine?,  and  the  undisputed  recrord  of  the  operators'  yearly  state- 


Phila.,  1886,  VI,  1.]      Hill — Fatal  Aocidents  in  Anthraeite  Mines.  43 

merits.  But  if,  in  accomplishing  this  increased  production  and 
economy  in  cost,  we  have  not  met  the  increasing  danger  of  acci- 
dent to  the  miner,  then  the  popular  idea  is  a  correct  one — we  have 
failed  in  our  duty,  and  the  life  of  the  miner  has  been  sacrificed 
to  the  benefit  of  his  employer's  purse. 

I  wish  to  show  that  this  is  not  the  fact,  but  that,  on  the  con- 
trary, notwithstanding  rapidly  increasing  risk  from  year  to  year, 
we  are  more  than  holding  our  own,  that  the  number  of  accidents 
for  which  the  engineer  and  superintendent  are  directly  respon- 
sible is  but  a  small  proportion  of  the  total,  and  that  we  have  a 
record  which  compares  favorably  with  that  of  Great  Britain,  the 
representative  mining  nation  of  the  world. 

Whatever  improvement  the  following  tables  show  is  made  in 
the  face  of  constantly  increasing  peril.  As  the  colliery  workings 
broaden  and  deepen,  so  do  the  dangers  increase.  We  contend 
with  additional  fire-damp  and  mine  fires,  with  water  and  quick- 
sand; a  greater  weight  of  roof,  and  with  the  additional  dangers 
inside  and  out  that  always  accompany  any  increase  of  machinery. 

In  early  days  the  miner  walked  or  rode  along  the  level  road- 
way of  the  drift  between  his  work  and  daylight,  now  twice  a  day 
there  is  nothing  but  a  one  and  one-half  inch  wire  rope  between 
him  and  eternity,  as  he  is  hoisted  from  the  shaft  or  slope. 

Every  day  increases  the  outflow  of  carburetted  hydrogen  gas, 
and  additional  workings  daily  call  for  increased  ventilating 
power.  The  gas,  being  an  unseen  danger,  is  always  feared  and 
is  carefully  watched,  but  the  effort  and  care  of  years  may  be  swept 
away  in  a  moment  by  the  carelessness  of  an  individual.  Mine 
fires  are  more  frequent  than  formerly.  A  fire  at  the  Kehley  Run 
Colliery,  in  Schuylkill  County,  recently  caused  the  death  of  two 
of  the  best  and  most  experienced  superintendents  in  the  region ; 
danger  from  water  and  ([uicksand  has  been  terribly  emphasized 
by  the  recent  disaster  at  Nanticoke.  Falls  of  roof  and  coal  kill  44 
per  cent,  of  those  who  lose  their  lives  in  the  mines,  and  a  little 
thought  will  show  us  how  the  extension  of  the  workings  and  the 
exhaustion  of  the  coal  is  increasing  this  one  great  danger. 

The  breaker  machinery,  which  is  becoming  more  complicated 
each  year,  is  a  source  of  danger,  not  lessened  by  the  fact  that  it  is 
the  working  place  of  boys,  whose  recklessness  is  proverbial. 
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A  great,  in  fact  the  greatest  element  of  danger  and  the  one 
hardest  to  meet,  is  the  carelessness  of  the  men.  The  strictest  dis- 
cipline and  most  stringent  rules  seem  to  have  little  eflfect.  Some 
of  our  anthracite  accidents  "seem  more  like  suicide  than  care- 
lessness." 

In  the  last  five  years  thousands  of  Poles  and  Hungarians  have 
been  brought  into  the  mining  region. 

The  importation  of  this  unskilled  foreign  labor  has  added 
greatly  to  our  death  rate,  ignorance  being  joined  with  carelessness 
to  swell  an  already  overladen  death  record. 

Tables  I  and  II  (given  below)  show  the  comparative  mortality 
between  the  six  years  preceding  1881  and  the  five  years  pre- 
ceding 188G. 

Table  No.  I. 

Statistics  of  Fatal  Accidents  in  the  Anthracite  Mines  of  Pennsylvania, 

for  the  years  1875  to  1880. 


No.  of  fatal 

Tons  mined  per 

Total  number  of 

Ratio  of  deaths  to 

Years. 

Tons  mined. 

accidents. 

248 

one  life  lost. 

men  employed. 

men  employed. 

1875 

19,712,472 

79,486 

69,368 

280 

1876 

18,501,011 

218 

84,867 

70,474 

323 

1877 

20,828,179 

188 

]  10,788 

66,842 

356 

1878 

17,605,262 

187 

94,146 

63,964 

342 

1879 

26,142,689 

262 

99,781 

68,847 

263 

1880 

23,437,242 
126,226,855 

176 

133,166 
98,692 

73,375 

417 

1279 

412,870 

323 

Columns  1,  2  and  3  are  taken  from  Report  A  C,  Pennsylvania 
Geological  Survey,  by  Dr.  H.  M.  Chance.* 

Table  No.  II. 

Statistics  of  Fatal  Accidents  in  the  Anthracite  Mines  of  Pennsylvania, 

for  the  years  1881  to  1885. 


Tears. 

188i 
1882 
1883 
1884 
1885 


Tons  mined. 


No.  of  faUl 
accidents. 


Tons  mined  per 
one  life  lost. 


Total  n amber  of  Ratio  of  deaths  to 
men  employed.       men  employed. 


30,537,998 
31,301,277 
33,703,223 
32,561,874 
34,101,152 


273 
292 
323 
332 
312 


111,861 
107,196 
104,344 
98,076 
109,298 


76,607 

82,294 

91,421 

101,399 

100,082 


162,205,524  I  1532    105,879  ,  451,803 


281 
282 
283 
305 
321 

294 


*  Dr.  Chance's  statisticp,  as  well  as  mine,  have  been  complied  from  the  reports  of 
the  State  Mine  Inspectors. 
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Comparison  of  Tables  I  and  II. 


YlARS. 

1 

Total  tone  mined. 

Number 

of  fatal 

accidents. 

1 

Ayeraf^e  tons  Total  number 

mined  per          of  men 
one  life  lost.      employed. 

Average 
ratio  of 

deaths  to 
men 

employed. 

1875-1880  .    . 

(6  years) 

1881-1886  .     . 

(5  years) 

Increase .     .     . 

126,226,855 

1279 

1    98,692 

412,870 

323 

162,205,524 
35,978,669 

1532 
1     253 

105,879 
i      7,187 

451,803 
38,933 

294 

Decrease      .    . 

1 

29 

1 

Roof  falls,  explosions  of  fire-damp  and  careless  handling  of 
powder,  furnish  at  least  60  per  cent  of  the  deaths.  In  almost 
every  case  these  accidents  are  due  to  the  carelessness  of  the  men. 
If  the  superintendent  neglects  his  ventilation,  of  course  gas  accu- 
mulates ;  most  explosions,  however,  occur  either  from  direct  dis- 
obedience of  orders,  or  in  cases  where  the  gas  accumulating  in 
single  breasts  is  not  carefully  watched  by  the  miner,  and  he  and 
his  "  butty  "  pay  the  penalty.  When  more  than  two  lives  are 
lost  by  an  explosion  of  gas,  the  result  can  generally  be  attributed 
(unless  direct  disobedience  be  proven)  to  the  superintendent 
taking  too  many  risks  or  from  criminal  neglect  of  his  ventila- 
tion. Such  accidents  are  comparatively  few,  but  these  few  are 
too  many. 

The  same  is  true  of  roof  falls ;  the  average  fatal  fall  kills  but 
one  man  who  is  too  reckless  of  his  own  safety  ;  only  those  acci- 
dents where  falls  cover  extended  areas  can  be  attributed  to  the 
poor  judgment  of  the  mine  foreman. 

The  responsibility  of  accidents  from  breakage  of  ropes  and 
machinery  rests  upon  the  collier}''  superintendent.  These,  and 
all  accidents  due  to  careless  inspection,  lack  of  discipline,  or  a 
false  system  of  operating,  rest  upon  the  engineer  and  superinten- 
dent. And  these  are  the  only  ones  for  which  they  are  directly 
responsible.  It  is  diflBcult  to  obtain  an  exact  estimate  of  acci- 
dents for  which  oflBcials  are  to  blame,  but  I  think  10  per  cent,  a 
very  high  one. 

Table  No.  Ill  shows  the  record  of  death  in  Great  Britain  for 
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the  past  eleven  years.    It  is  compiled  from  the  statistics  of  the 
"  Colliery  Guardian." 


Table  No.  III. 

Statist  ic8  of  Fated  Accidents  in  tlie  Mines  of  Great  Britain 

for  the  years  1875  to  1885. 


1 

Mo.  or  faUl 

Tons  mined  per 

Total  number  of , 

Ratio  of  deaths  to 

Years. 

Tons  mined. 

tccidenta. 

1244 

one  life  lost. 

106,002 

men  employed,   i 

535,845    , 

men  employed. 

1875 

131,867,105 

430 

1876 

133,344,766 

933 

142,920 

514,532 

551 

1877 

134,610,763 

1208 

111,433 

494,391     ; 

409 

1878 

132,607,866 

1413 

93,848 

475,329    ' 

336 

1879 

134,008,228 

973 

137,727 

476,810 

490 

1880 

146,818,622 

1318 

111,395 

484,933     1 

368 

1881 

154,184,300 

954 

161,619 

495,477 

519 

1882 

156,499,977 

1126 

138,987 

503,987 

447 

1883 

163,737,327 

1054 

155,349 

514,933 

488 

1884 

160,757,770 

942 

170,656 

520,376 

552 

1885 

159,351,361 

1150 

138,56(5 
130,555 

520,632 
5,537,245 

452 

1,607.788,094 

12,315 

450 

This  result  of  one  death  to  130,555  tons  mined  in  Great  Britain, 
when  compared  with  one  death  to  102,608  tons  mined  in  the  an- 
thracite district  of  Pennsylvania,  would  at  first  glance  seem  to 
prove  the  greater  death-rate  on  this  side  of  the  Atlantic.  A 
little  thought,  however,  dispels  this  impression. 

In  the  preparation  of  English  coals  no  breakers  are  used,  coal  be- 
ing directly  loaded  without  elaborate  preparation.  In  the  mining 
of  our  anthracite  coal  the  breaker  wastes  one-third  of  the  material 
hoisted  from  the  mine.  For  fair  comparison,  therefore,  with  the 
English  results  we  must  add  50  per  cent,  to  the  shipment  to  obtain 
our  true  production.  We  must  also  eliminate  from  our  total  all 
deaths  by  breaker  machinery.  I  am  told  that  the  English  miner 
will  use  less  than  ten  pounds  of  powder  per  month,  while  our 
miners  use  about  one  hundred  and  fifty  pounds  per  month,  an 
elimination  of  {^  of  the  fatalities  from  powder  explosions  will 
therefore  be  only  just. 


Phila.,  1886,  VI,  1.]      JSill — Fatal  Acddenis  in  Anthracite  Mines. 


47 


Comparison  of  Tables  I  and  II,  with  Table  No.  III. 


Total  tons  mined. 


Number 

of  faUl 

accidents. 


Ayerage  tons  ITotal  number 


mined  per 
on«  life  lost. 


Great  Britain,  'l,607,788,094|  12,315  I  130,555 
1875-1885.     :  I  I 

I 

Anthracite 

region  of  Penn'a,!    288,432,879j     2811    102,608 
1875-1885.     ! 


of  men 
employed. 


5,537,245 


Average 

ratio  of 

deaths  to 

men 
employed. 


450 


864,673     308 


Anthracite  Region  of  Pennsylvania,  Shipment  +  50  per  cent. 
=  432,648,568  tons. 

Number  of  Fatal  Accidents  =  2811  less  (221  [Breaker]  and 
203  [Powder]),  424  =  2387. 

432,648,568  tons  -^  2387  =  181,252  tons  (actual)  per  one  life 
lost. 

The  mine  law  of  1870  and  the  new  law  of  1885,  with  the  effi- 
cient, earnest  work  of  the  state  mine  inspectors,  have  done  much 
to  reduce  the  death-rate.  Day  in  and  day  out,  the  safety  of  the 
men  is  the  anxious  care  and  thought  of  the  engineers  and  super- 
intendents of  the  region. 

They  have  no  cause  to  regret  a  record  of  material  progress  in 
the  face  of  increasing  difficulties,  nothing  to  fear  in  comparison 
with  the  greatest  mining  country  in  the  world,  and  should  feel  a 
just  pride  in  the  fact  that  with  all  their  dangers  their  record  leads 
that  of  the  nation  from  whom  we  have  learned  so  much  in  min- 
ing development. 

There  is  still  vast  room  for  improvement ;  if  thought  and  care 
and  constant  vigilance  can  accomplish  such  improvement,  it  will 
lie  made,  and  we  may  look  forward  to  a  future  progress  greater 
than  that  of  the  past. 
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VIII. 


EFFICIENCY  OF  LOCOMOTIVES  AND  RESISTANCE  OF 

TRAINS. 

By  George  B.  Henderson,  Active  Member  of  the  Club. 

Bead  November  6/A,  1886. 

The  efficiency  of  locomotives  can  bo  divided  into  two  principal 
parts:  the  first  depending  upon  the  size  of  the  cylinders  and 
wheels,  the  valve  gear,  boiler  and  steam  passages,  of  which  the 
tractive  power  is  a  function,  and  the  second  upon  the  speed,  grade, 
curvature  and  friction,  which  combine  to  produce  the  resistance. 
The  tractive  power  may  be  determined  as  follows: 
Let  P  =  tractive  power. 

p  =  average  effective  pressure  in  cylinder. 

s  =  stroke  of  piston. 

d  =  diameter  of  cylinders. 

D  =  diameter  of  driving  wheels. 


then 


p 4  t:  d    p  8    d 

4  ;:  jD  D 


p   8 


The  average  effective  pressure  can  be  obtained  from  an  indi- 
cator diagram,  or  by  calculation,  when  the  initial  pressure  and 
ratio  of  expansion  are  known,  together  with  the  other  properties 
of  the  valve  motion.  The  subjoined  table  from  "Auchincloss" 
gives  the  proportion  of  mean  effective  pressure  to  boiler  pressure 
for  various  proportions  of  cut-off.     (Pressures  above  atmosphere.) 


CCT-OFP  AT  — 

OP  Stoke. 


.1 

.125 

.15 

.175 

.2 

.25 


i 


=  i 


o 


.333 
.375 
.4 


=  i 


.         M.  E.  P. 
(Boiler  Pbes.  :=  1) 

I        15 

.2 
I        .24 
I        .28 

.32 
I        .4 
I        .4G 
I        .5  — 
'        .55 

.57 


Cut-off  at  — 
of  Stroke. 


J 


.45 

.5  =  1 

.55 

.625  =  J 

.666  =  I 

.7 

.75  =  1 

.8 

.875  =  i 


M.  E.  P. 

(BOILEB  PSEB. 


=  1) 


.62 
.67 
.72 
.79 
.82 
.85 
.89 
.93 
.98 
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These  values  were  deduced  from  experiment  with  an  Euglish 
locomotive  bj  Mr.  Gooch.  As  diagrams  vary  so  much  from  dif- 
ferent causes,  this  table  will  only  fairly  represent  practical  cases. 
It  is  evident  that  the  cut-ofl"  must  be  such  that  the  boiler  will  be 
capable  of  supplying  sufficient  steam  at  the  given  speed. 

{In  the  following  calculations  it  is  assumed  that  the  adhesion 
of  the  engine  is  at  least  equal  to  the  tractive  power,  which  is 
generally  the  case — if  the  engine  be  well  designed — except  when 
starting,  or  running  at  a  very  low  rate  of  speed,  with  a  small 
expansive  ratio.  When  running  faster,  economy,  and  also  the 
size  of  tho  boiler,  necessitate  a  higher  ratio  of  expansion,  this 
reducing  the  tractive  power  below  the  adhesion.  If  the  adhe»ion 
be  Uss  tlian  the  tractive  pwver,  sub^tiUiie  it  for  the  latter,  In  the  follow- 
inffformtUa.) 

The  resistances  can  bo  computed  in  thf  following  manner,  fir.'>t 
considering  the  train. 

There  is  a  resistance  due  to  friction  of  the  journals,  pressure  of 
wind,  etc.,  which  increases  witli  the  speed.  Atost  of  the  experi- 
ments made  with  a  view  of  determining  the  rcKistanco  of  trains 
have  been  with  European  rolling-stock  and  on  European  rail- 
ways. The  few  trials  that  have  been  made  here  seem  to  prove 
that  with  American  systems  this  resistance  is  les><.  In  determin- 
ing the  proper  (?)  values  I  proceeded  as  follows: 

a — b  is  tlie  cur\'e  of  values  deduced  from  foreign  experimenla, 
the  abscissae  representing  speeds  in  miles  per  liour,  and  the 
ordinatcs  resistances  in  pounds  per  ton  of  weight  of  train.     Our 


so 
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own  experiments  (those  on  the  P.  R.  1{.)  were  made  principally 
at  a  speed  of  15  miles  an  hour,  and  gave  a  resistance  i — L  If 
we  assume  our  resistances  to  be  proportional  to  a — b  as  i — it  is 
to  i — I,  we  get  the  curve  e—f.  But  in  order  to  be  on  the  safe 
side,  and  to  allow  for  not  having  direct  experiments  at  various 
speeds,  the  curve  c — d  was  drawn,  which  is  less  than  a — b  by  the 
constant  quantity  k — l,  and  a  new  curve  g — h  constructed,  which 
is  the  mean  of  c — d  and  e—f.  This  curve  is  a  parabola  whose 
parameter  is  217,  and  whose  apex  is  distant  from  tlie  origin  by 
3,  its  axis  coinciding  with  the  zero  ordinate  of  speed.  Its  equa* 
tion  is 


V 


s 


217    "^ 


where  s  =  speed  in  miles  per  hour. 

y  ~  resistance  in  pounds  per  ton  of  load. 

If  we  wish  the  value  of  I  =  coefficient  of  resistance  in  temis 
of  the  load,  we  get 

I  =.  .0015  (l  +  ^^. 

As  the  curve  is  a  parabola  whose  axis  passes  tlirough  the 
origin,  in  fact  coincides  with  the  axis  of  *'2/»"  there  must  be  a 
similar  branch  on  the  minua  side  of  the  origin.  But  a  minus 
speed  must  be  understood  as  referring  to  a  backward  motion, 
and  evidently  the  resistance  would  be  the  same  as  for  running 
forward. 

The  following  table  gives  the  values  of  y  and  /  for  different 
values  of  8  : 


y  = 


1 

5 

1 

10 

15 

20 

4.8 

25 
5.8 

30 
7.1 

35   40 

1 

45   50 

55 
16.8 

1  ■ 
i  3.1 

3.4   4. 

8.6  10.2 

1 

12.1 

14.3 

.0015 

.0017 

.0020 

.0024 

.0029 

.0035 

.0043  .0051 

1 

1 

.0060 

.0071 

.0084 

60 

lt).2 
.0096 


The  resistance  due  to  curvature  is  about  .5  lbs.  per  ton  per 
degree  of  curvature,  or  for  the  coefficient  -  -  .00025  c,  where  c  = 
the  curvature  in  degrees. 

The  effect  of  grades  may  be  determined  by  referring  to  the 
theory  of  the  "  inclined  plane." 


Phila.,  1886,  VI,  1.]     Henderson — Efficiency  of  Locatnotives, 


51 


Consider  a  load  "i"  on  a  grade  of  "m"  feet  per  mile,  as  in 
the  figure.  The  component  of  the  weight  L  acting  in  the  line  bf 
traction,  or  parallel  to  the  track,  is 

a  b  or  L  sin  d, 
hut  sin  0  — 


a  b  ^^ 


m 
'    5280 
L  VI 


'5280 


^  .00019  L  m. 


We  are  now  ready  to  combine  tliese  coefficients  in  one  equation 

representing  the  resistance  of  the  train. 

Let  L  =  weight  of  train,  exclusive  of  engine. 

R  ~   resistance  of  train. 

8y  c,  and  m,  as  above, 
then 

R  =--  L  [  .0015  (  1   +  ^g^-  )  +  .00025  c  ±  .00019  m] 

the  ±1  sign  meaning  that  this  coefficient  is  positive  for  ascending 
and  negative  for  descending  grades. 

To  find  a  grade  upon  which  a  train  would  descend  by  itself, 
it  is  only  necessary  to  take  the  last  coefficient  minus  and  make 
R  =  0,  hence 

L   [  .0015  (l  +    g^^  j  +  .00025  c  —  .00019  m  1  =  0,  or 

The  resistance  of  the  engine  and  tender  may  be  taken  for 
grades  as  above.  As  locomotives  usually  have  a  long  rigid 
wheel-base,  the  coefficient  for  curvature  had  better  be  doubled. 


m 
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The  resistance  due  to  the  friction  of  the  working  parts  will  be 
considered  as  being  proportional  to  the  tractive  power,  so  that 
the  eflfective  tractive  power  will  be  represented  by  "u  P,"  the 
resistance  being  (1  —  u)  P. 

Combining  all  these  values,  there  results  the  equation  between 
the  tractive  power  and  the  weight  of  the  train  and  engine: 

w  P  —  IF  (  .0005  c  ±  .00019  m)  =  X  [  .0015  (l  +  ^^^1 

+  .00025  c  ±  .00019  m  1 

"  W"  being  the  weight  of  the  engine  and  tender,  and  "  u  "  being 
probably  about  .8 
Transforming  we  have 

^  ^ uP—W  (.0005  c  It  .00019  m) 

.0015  (l  +    -^^^    +  .00025  c  ±  .00019  m 
and 

L  [  .0015  (  1  +  cio"  )  "^  *^^^  ^  "^  '^^^^  ^^  ] 

u 
,    W  (.0005  c_±  .00019_m) 

■*~  ~u       "     "      '     • 

(gi    -V 
1    +7.rQ     I   =   ^ 

may  be  taken  out  of  the  Fccond  table,  thereby  simplifying  the 
equation. 

I  would  merely  add  that  these  deductions  agree  well  with 
railroad  practice. 


IX. 


THE  ST.  PAUL  ICE  PALACE,  1885  AND  1880. 

By  Herman  Hauft,  Jr.,  Active  Member  of  tlie  Club. 
Read  November  (kh,  1886. 

We  who  live  in  this  far  northern  region  are  looked  upon  by 

the  world  at  large,  and  the  people  of  the  South  in  particular,  as 

''gs  doomed  by  King  Frost  to  spend  a  long  and  dreary  winter 
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buried  beneath  the  ice  and  snow  of  an  almost  Arctic  winter, 
and  dwelling  in  a  climate  where  the  human  species  dare  not  ven- 
ture out  except  wrapped  in  furs^  and  where  business  and  the  ordi- 
nary vocations  of  life  are  for  the  most  part  suspended  till  the 
genial  summer  sun  has  returned  from  the  South  and  made  glad 
the  face  of  Nature. 

This  surmise  is  very  erroneous,  and  the  fact  is  that  a  more 
agreeable  winter  climate  does  not  exist  Cold  it  is  unquestion- 
ably, but  the  air  is  dry  and  clear,  and  a  highly  electrical  con- 
dition exists  at  all  times,  which  exhilarates  and  warms  the  whole 
system  into  a  glow  that  is  delightful. 

The  Ice  Palace,  which  is  the  subject  of  this  paper,  had  its  origin 
in  the  suggestion  of  Mr.  George  Thompson,  of  St.  Paul,  and  was 
reared  in  about  forty-two  (42)  days,  in  Central  Park,  in  the  City 
of  St.  Paul,  the  grounds  covering  an  area  of  about  eight  (8)  acres. 

The  entire  structure  was  of  ice,  laid  block  upon  block,  making 
a  building  one  hundred  and  eighty  (180)  feet  long  and  one  hun- 
dred and  fifty-four  (154)  feet  in  width,  witli  a  tower  rising  to  the 
height  of  one  hundred  and  six  (106)  feet. 

AVhen  the  huge  pile  of  glittering  ice  was  seen  in  the  rays  of  a 
bright  sun,  and  the  mercury  at  zero,  or  at  night,  illuminated  by 
the  numerous  electric  lights,  the  sight  was  surpassing  in  bril- 
liancy and  impossible  of  description. 

The  ground  plans  of  the  structure  were  rectangular  in  form, 
having  a  main  front  and  a  rear  entrance.  The  front  entrance 
consisted  of  a  Gothic  arch  of  about  ten  (10)  feet  in  width  and 
twenty-five  (25)  feet  in  height,  cut  into  the  face  of  a  round  tower 
fifty  (50)  feet  high.  On  either  side  of  this  tower  were  square 
towers  each  eleven  (11)  feet  square  and  rising  about  ten  (10)  feet 
above  the  round  tower.  Flanking  the  two  square  towers  and  run- 
ning at  right  angles  with  the  same,  were  walls  of  ice  rising  to  the 
height  of  thirty-three  (33)  feet,  terminated  at  the  outer  ends  by 
round  towers  fifty-six  (50)  feet  in  height,  capped  by  a  cone  termi- 
nating in  a  crown  of  blocks. 

Extending  from  these  towers  backward  at  right  angles  with  the 
walls  was  a  second  wall  of  equal  height  with  the  first,  abutting 
against  the  east  and  west  wing  of  the  main  castle  wall.  This 
structure  being  repeated  at  the  four  (4)  corners^  a  court-yard  was 
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formed,  which  communicated  with  the  main  structure  by  arched 
passages  through  the  walls  of  the  castle  proper. 

The  main  structure  was  in  general  cruciform,  consisting  of  a 
square  Norman  tower,  flanked  by  four  smaller  towers  and  an  east 
and  west  wing,  running  outward  to  the  enclosing  wall  and  ex- 
tending beyond  it. 

The  wings  were  each  supported  by  two  smaller  square  towers, 
one  (1)  on  the  north  and  another  on  the  south  sides  of  the  wing. 

The  towers  supporting  the  main  tower,  four  (4)  in  number,  were 
of  a  square  shape,  the  towers  on  the  north  and  south  sides  being 
higher  than  the  east  and  west  towers  by  about  twenty-six  (26) 
feet. 

Tlie  main  tower  was  supported  at  the  four  corners  by  cylindri- 
cal towers  rising  from  the  foundations  with  a  uniform  diameter, 
and  crowned  by  a  cap  and  enlarged  crown  piece.  The  south- 
easterly tower  carried  a  staff  at  its  summit,  with  the  ensign  of 
King  Borealis,  a  white  bear  rampant  upon  an  azure  field. 

All  the  walls  and  square  towers  were  crowned  or  finished  with 
blocks  of  ice  set  on  end  leaving  space  between  them. 

The  Construction. 

The  broad  surface  of  the  Mississippi  River  was  freed  of  snow 
by  means  of  a  long  scraper  drawn  by  two  horses,  and  formed  of  a 
tongue  of  wood  having  planks  ten  (10)  feet  long  secured  to  it,  at 
right  angles,  and  pitched  at  an  angle  to  carry  the  snow  up  in  a 
ridge  before  it,  the  plough  or  scraper  being  furnished  with 
handles  to  guide  it. 

The  snow  being  removed  a  plough  called  a  marker  was  run 
over  the  surface  of  the  ice  to  mark  the  ice  into  blocks.  The  first 
plough  had  blades  for  marking,  set  twenty-two  (22)  inches  apart ; 
this  plough  was  run  in  one  direction,  and  a  second  plough,  in 
which  the  blades  were  forty-four  (44)  inches  apart,  was  run  in  a 
direction  at  right  angles  with  the  first  set  of  lines,  thus  marking 
the  ice  into  blocks  twenty-two  (22  in.)  by  forty-four  (44  in.)  and 
of  a  thickness  pro  re  iiata. 

When  so  marked  the  blocks  were  sawn  out  by  means  of  long 
saws,  worked  upward  and  downward  by  a  man  who  walked  back- 
ward following  the  marks  of  the  plough. 
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The  blocks  were  then  hauled  to  the  palace,  and  for  round  or 
cylindrical  structures  roughly  shaped  with  an  axe,  but  untouched 
for  the  walls  and  square  towers. 

In  building  the  walls  a  derrick  was  used,  consisting  of  a  shaft 
with  a  cross-piece  secured  at  right  angles  at  its  summit  with  a  pul- 
ley at  each  epd.  At  the  base  of  the  shaft  was  a  third  pulley,  and  a 
Jacob's  ladder  extended  from  the  bottom  to  the  top  of  the  shaft  to 
enable  the  workmen  to  ascend  and  descend  to  the  top  of  the  walls. 
A  rope  passed  over  these  pulleys  and  at  one  (1)  end  was  attached 
a  pair  of  ice-tongs,  at  the  other  a  team  of  horses  supplied  power ; 
with  this  device  the  blocks  of  ice,  22  in.  x  44  in.  x  20  in.  (the  last 
dimension  being  the  thickness  of  the  ice  on  the  river  last  winter), 
were  hoisted  into  place,  and  when  set  were  cemented  by  having 
water  poured  into  the  cracks,  which  froze  almost  immediately. 

The  blocks  for  the  square  towers  and  walls  were  left  in  their 
primitive  shape,  but  the  blocks  for  the  round  towers,  after  being 
roughly  dressed  to  a  given  shape  upon  the  ground,  were  hoisted 
into  place,  cemented  with  water,  and  tlien  dressed  off  to  shape 
with  an  axe. 

The  arches  were  formed  by  building  upon  temporary  wooden 
frame-work,  which  was  removed  so  soon  as  the  cementing  water 
was  congealed.  The  windows  were  formed  by  long  spaces  between 
the  blocks. 

Thus  block  upon  block,  and  row  upon  row,  with  a  mortar  as 
thin  as  water,  was  reared  the  first  Ice  Palace  in  the  United  States 
of  America,  of  which  I  hand  you  a  set  of  photographs. 


X. 


WATER  PIPES. 

l?y  A.  H.  HowLANi),  Active  Meniber  of  the  Club. 
Read  December  4thy  188(>. 

In  preparing  an  article  on  any  subject  of  general  interest  it  is 
usual  to  devote  more  or  less  time  to  incorporating  Ancient  His- 
tory in  the  same.     In  this  busy,  go-ahead  age  of  ours,  it  hardly 
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seems  necessary  to  go  back  very  far  in  the  history  of  any  subject 
to  ascertain  that  which  is  best  and  most  suitable  for  our  present 
wants.  This  age  is  remarkably  one  of  the  present  and  future, 
rather  than  one  of  the  past,  and  I  will  not  therefore  take  up  your 
time  in  rehearsing  the  many  kinds  of  water  pipes  used  by  the 
ancients,  their  methods  of  manufacture  or  the  relative  values  of 
the  various  kinds,  but  will  proceed  directly  to  a  consideration  of 
those  in  use  to-day,  and  see,  as  far  as  lies  within  my  power,  how 
nearly  each  fills  the  requirements,  wherein  it  fails,  or  wherein  it 
might  be  improved.  Atthepresenttimethelargestamountof  pipes 
in  use  are  made  of  cast  iron.  I  presume  that  there  are  one  hun- 
dred times  as  many  miles  of  cast  iron  pipes  in  the  ground  as  there 
are  of  all  other  kinds.  The  other  kinds  that  have  received  any 
considerable  attention  and  use  are,  in  the  order  of  their  proportion- 
ate use,  a  riveted  wrought  iron  shell,  lined  and  coated  with  cement 
mortar ;  lap  welded  or  riveted  wrought  iron  pipes,  coated  with 
asphaltum  or  protected  with  various  forms  of  metallic  coating 
or  oxidization  of  the  surfaces;  wooden  pipes;  earthen-ware 
pipes,  and  composition  pipes.  Cast  iron  }:>ipes  have  come  to  be 
accepted  as  a  so-called  standard,  on  account  of  the  plentifulness 
of  the  material  of  which  they  are  made,  its  ease  of  manipulation 
and  comparative  cheap  cost. 

Iron  may  be  called  the  back-bone  of  this  country;  it  enters  into 
the  composition  of  nearly  everything  we  use,  in  some  part  or 
other ;  but  I  think  there  is  hardly  any  department  of  the  arts  or 
sciences  in  which  less  advancement,  less  exact  knowledge,  has 
been  displayed  than  in  the  manufacture  of  cast  iron  water  pipes. 
The  manufacturers  have  gone  ahead  and  turned  out  immense 
products  that  are  reliable  only  in  their  bulk,  and  consumers  have 
taken  and  used  them  without  inquiry  or  much  knowledge  as  to 
their  nature  or  adaptability. 

In  designing  or  constructing  a  bridge,  the  engineer  of  the 
present  day  first  determines  the  amount  and  nature  of  the  load 
which  the  bridge  is  intended  to  carry,  or  will  be  called  upon  to 
carry;  he  then  designs  his  bridge,  first,  as  to  the  best  form  for 
the  place,  and  second,  as  to  the  distribution  of  the  strain  and 
the  material  to  resist  the  same,  keeping  in  eye  at  all  times  the 
probable  load.    After  securing  his  material  he  <letermines  what 
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factor  of  safety  it  will  be  safe  to  use  in  each  of  the  various  mem- 
bers of  his  structure,  and  then  knowing  the  ultimate  strength  of 
the  material  he  is  using,  he  readily  determines  upon  the  various 
forms  and  proportions  of  the  structure. 

In  cast  iron  water  pipes  exactly  the  opposite  of  this  course  is 
pursued.  Some  engineers  of  my  acquaintance  are  using  6-inch 
water  pipes  that  weigh  42  pounds  to  the  lineal  foot,  and  tell  me 
that  they  know  of  no  reason  why  they  should,  except  that  their 
predecessors  in  office  have  established  that  weight  and  they  have 
adhered  to  it.  Forty-two  pounds  per  lineal  foot  of  water  pipe  rep- 
resents an  average  cost,  in  the  eastern  part  of  the  country,  of  03 
cents.  If  pipe  weighing  but  30  pounds  to  the  lineal  foot  would  be 
sufficient  for  the  uses  to  which  it  is  put,  that  pipe  would  cost  but 
45  cents  per  foot,  or,  in  other  words,  the  heavier  weight  of  pipe 
costs  nearly  50  per  cent,  more  than  pipe  that  would  answer  all  the 
requirements.  This  unnecessary  percentage,  if  it  should  be 
found  in  all  of  the  works  of  this  country,  would  represent  an 
enormous  sum,  which  is,  in  one  sense,  worse  than  wasted,  and 
which  engineers  should  use  their  technical  and  practical  knowl- 
edge to  endeavor  to  save.  In  determining  what  weight  of  cast 
iron  water  pipe  should  be  used,  the  same  factors  must  be  con- 
sidered that  are  considered  in  determining  the  dimensions  of  a 
bridge  or  other  structure.  What  is  the  probable  maximum  load, 
what  is  the  form  and  what  is  the  quality  of  the  material  available? 

The  first  question  can  only  be  determined  by  the  circumstances 
connected  with  each  particular  place.  For  instance,  there  are 
some  works  in  the  country  where  the  maximum  static  pressure 
is  25  or  30  pounds  to  the  square  inch,  in  others  it  is  200  pounds 
to  the  square  inch.  Of  course,  pipe  that  would  be  suitable  for  the 
lower  pressure  might  not  answer  for  the  greater.  While  the 
greater  static  pressure,  however,  might  not  be  in  excess  of  the 
strength  of  pipe  of  the  minimum  thickness  which  the  present 
state  of  the  art  renders  possible  to  make,  still  the  extraordinary 
pressure  to  which  the  pipe  is  liable  to  be  subjected  is  more  where 
the  static  pressure  is  200  pounds  than  where  it  is  but  20  or  25. 

In  manufacturing  the  pipe  it  has  been  found  impracticable  to 
make  pipes  of  given  diameters  of  less  than  certain  thicknesses,  or 
if  it  were  possible  to  make  them  of  less  thicknesses,  the  great 
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danger  of  breakage  in  handling  or  transportation  comes  in  to 
prevent  extreme  thinness,  and  I  think  I  am  within  the  bounds  of 
reason  when  I  state  that  the  minimum  thickness  of  any  pipe 
under  24  inches  in  diameter  gives  sufficient  material  so  that  the 
pipe  when  made  will  withstand  300  or  more  pounds  pressure  to  the 
square  inch.  This  being  the  case,  and  there  are  few  if  any  works 
having  300  pounds  pressure  to  the  square  inch,  the  question 
naturally  arises,  why  do  we  not  take  the  minimum  for  all  places. 
This  brings  us  to  the  consideration  of  the  extraordinary  pressure 
to  which  pipes  may  be  subjected.  The  first,  and  that  which  is 
most  common,  is  an  external  pressure,  caused  by  the  unequal 
bearing  of  the  pipes  in  the  trench,  and  the  heavy  load  placed 
upon  its  upper  surface,  especially  in  the  streets  of  a  city  where 
there  is  heavy  traffic.  I  have  known  a  pipe  in  the  city  of  Boston 
to  be  broken  in  three  or  four  places  by  this  reason  alone,  and  as 
the  pipe  was  of  considerable  weight  and  strength,  it  would  not 
seem  that  any  thickness  of  pipe  we  would  probably  use  could 
have  withstood  the  pressure  to  which  this  pipe  had  been  sub- 
jected. From  observation  of  this  and  many  other  cases  I  have 
concluded  that  we  cannot  safely  provide  in  thickness  of  material 
against  any  of  these  cases  of  external  pressure,  and  that  we  should 
look  for  safet}'^  in  this  particular  to  our  men  who  lay  the  pipes, 
and  be  sure  that  they  obtain  full  and  sufficient  beds  for  the  pipe 
in  all  cases.  We  do  not,  therefore,  need  to  add  to  the  minimum 
thickness  anything  for  this.  The  external  pressure  caused  by 
direct  crushing  pressure  of  the  superincumbent  earth,  or  other 
material,  is  never,  except  in  extraordinary  cases,  more  than  one- 
fifth  the  resisting  strength  of  the  material  of  which  the  cylinder 
is  composed,  when  the  same  is  properly  supported.  We  do  not 
need,  therefore,  to  add  anything  to  the  minimum  thickness  for 
this.  The  next  and  most  important  of  these  extraordinary  pres- 
sures is  that  caused  by  water  hammer ;  and  when  we  begin  to 
talk  of  water  hammer  we  enter  upon  a  subject  of  which  very 
little  is  known.  It  is  perfectly  easy  to  calculate  the  momentum 
of  a  column  of  water  of  a  given  size  flowing  with  a  given  velocity, 
and  the  pressure  caused  by  instantly  stopping  that  water,  but  it 
is  not  so  easy  to  calculate,  nor  do  I  know  that  it  has  ever  been 
calculated,  what  the  amount  of  this  pressure  would  be  when  this 
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water  is  stopped  gradually.  We  all  know  from  experience  that  it 
is  impossible  to  stop  a  12-inch  column  of  water  so  gradually  as 
to  produce  little  or  no  water  hammer  on  our  pipes.  We  all  know, 
probably,  of  some  instance  in  which  a  much  smaller  column  of 
Water,  say  two  to  four  inches,  has  been  so  suddenly  stopped  as  to 
burst  many  lengths  of  pipe,  sometimes  at  great  distances  from 
the  point  of  stoppage.  As  it  is  impracticable  to  build  any 
system  of  works  of  any  material  having  sufficient  strength  to 
resist  the  greatest  water  hammer  that  we  can  conceive  might  be 
caused,  the  question  comes  up  as  to  how  much  we  should  provide 
for,  whether  we  can  expect  all  our  employees  and  all  usei*s  to  be 
so  intelligent  and  so  careful  in  opening  and  closing  gates,  hy- 
drants, valves,  etc.,  that  there  shall  be  no  shock  or  water  ham- 
mer, 01*  whether  we  have  got  to  provide  for  a  certain  amount  of 
ignorance  and  carelessness  on  their  part,  and  if  so,  how  much, 
and  it  is  a  very  important  question. 

I  have  seen  recording  gauges  indicate  a  pressure  of  50  per  cent, 
more  than  the  normal,  by  the  opening  and  closing  of  a  hydrant 
on  the  pipe  line  more  than  a  mile  away  from  the  gauges ;  other 
times  I  have  seen  a  hydrant,  within  a  few  feet  of  the  gauge,  in 
which  the  water  hammer  caused  by  the  closing  of  the  same  was 
hardly  perceptible.  One  case  represents  careless  use  and  the 
other  intelligent  and  careful  use. 

In  the  various  works  with  which  I  am  connected  I  have  com- 
plete sets  of  recording  gauges,  and  have  carefully  watched  and 
tested  them  for  long  periods,  but  I  must  confess  that  I  have  not 
yet  come  to  any  conclusion  which  I  can  consider  absolutely  war- 
ranted by  the  facts. 

If  we  should  take  works  where  the  static  pressure  is  100  pounds 
and  allow  that  pressure  to  be  doubled,  or  200  pounds,  I  think  that 
w^e  should  be  allowing  sufficient,  and  if  anybody  connected  with 
the  works,  or  using  water  from  the  works,  should  be  so  careless 
or  ignorant  as  to  cause  a  water  hammer  of  more  than  100  per  cent, 
of  the  normal  pressure,  it  would  then  be  the  part  of  wisdom  and 
economy  to  put  into  the  works  such  fixtures  only  as  would  guard 
against  disaster  by  a  repetition  of  the  act. 

Still,  there  might  be  cases  where,  even  with  the  utmost  care 
and  watchfulness,  a  water  hammer  much  in  excess  of  100  per 
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cent,  of  the  normal  pressure  might  be  caused,  and  the  question 
will  have  to  be  settled  by  each,  in  his  own  case,  whether  to  so 
build  their  works  that  the  most  ignorant  and  careless  use  of 
them  will  cause  no  injury,  or  whether  they  will  inaugurate  a  sys- 
tem sufficient  for  all  reasonable  uses  and  provide  apparatus,  and 
insist  on  their  use  in  such  manner  as  not  to  injure  the  works,  and 
thus  save  annual  expenses  in  the  shape  of  interest  upon  dead 
plant  by  the  use  of  intelligent  common  sense. 

In  relation  to  the  strength  of  pipe^,  it  is  a  simple  matter  to  cal- 
culate the  resistance  of  a  perfect  cylinder,  made  of  a  certain 
quality  of  material,  against  an  internal  pressure ;  but  until  you 
are  willing  to  pay  a  fair  price  and  insist  upon  good  material  and 
good  workmanship,  we  must  pay  for  an  excess  of  material  suffi- 
cient to  insure  us  against  the  poor  quality  of  the  material  and  the 
carelessness  of  the  workman.  Just  what  percentage  to  add  to  the 
minimum  thickness  of  pipe  for  all  these  things  is  a  little  uncer- 
tain ;  but  from  a  careful  examination  and  study  of  all  the  data 
obtainable  from  500  different  works  in  the  United  States  and 
Canada,  I  have  concluded  that  for  all  we  have  to  guard  against, 
either  in  quality  of  material,  carelessness  in  manufacture,  care- 
lessness in  handling  or  laying,  or  against  water  hammer,  a  factor 
of  safety  of  five  is  ample,  and  this  only  on  the  larger  pipes. 

At  the  present  time  it  is  perfectly  feasible  to  obtain  pipes  made 
of  material  having  a  tensile  strength  of  18,000  pounds  to  the 
square  inch,  and  with  such  material  the  minimum  thicknesses  of 
various  sizes  of  pipe,  together  with  their  weights  and  ultimate 
s«trengths,  are  as  follows : 
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From  this  it  will  be  seen  that  a  six-inch  pipe  of  the  minimum 
thickness  of  .35  of  an  inch,  weighing  21.82  pounds  to  the  foot  of 
cylinder,  made  of  material  having  a  tensile  strength  of  18,000 
pounds  to  the  square  inch,  has  a  theoretical  ultimate  strength  of 
2,100  pounds  to  the  square  inch,  and  with  a  factor  of  safety  of 
five,  it  would  be  safe  to  use  this  pipe  against  a  pressure  of  420 
pounds  to  the  square  inch.  This  may  aeom  a  little  doubtful  to 
you,  but  I  ask  you,  in  all  frankness,  why  you  would  use  heavier, 
and  I  do  not  think  there  is  one  here  but  who  would  say  that  this 
pipe,  light  jvs  it  is,  is  sufficient  for  the  uses  of  all  water  works, 
except  that  it  is  lighter  than  is  usually  used.  In  this  connection 
I  would  say  that  I  know  of  seven  different  works  in  the  country 
where  the  maximum  pressure  is  200  pounds  to  the  square  inch, 
and  one  of  these  works  uses  six-inch  pipes  with  perfect  safety, 
weighing  but  28  pounds  to  the  lineal  foot,  while  another,  under 
almost  exactly  similar  circumstances,  uses  pipe  weighing  48 
pounds.  If  the  lesser  weight  is  sufficient,  and  experience  has 
proved  it  so,  then  the  heavier  weight  is  a  waste  and  one  that  no 
department  can  afiFord,  or  no  engineer  be  warranted  in  putting  in 
at  somebody's  else  expense. 
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I  think  possibly  some  of  you  may  have  in  mind  that  the  six- 
inch  pipe,  .35  of  an  inch  thick,  is  too  thin  to  tap  suQcessfully.  I 
think  in  this  again  you  are  wrong,  as  with  the  present  forms  of 
tapping  machines  and  the  use  of  corporation  cocks  having  a  short 
plug  tap,  with  nut  and  washer,  it  is  perfectly  feasible  to  make  a 
service  connection  on  a  six-inch  pipe  even  .3  of  an  inch  in  thick- 
ness. 

By  examination  of  the  tables  it  will  be  seen  that  while  the 
minimum  thickness  increases  from  .32  of  an  inch  for  four-inch 
pipe  to  .5  of  an  inch  for  16-inch  pipe,  the  ultimate  strength  de- 
creases from  2,880  pounds  to  1,125  pounds  for  the  16-inch  pipe, 
and  for  the  24-inch  pipe  the  minimum  thickness  has  increased  to 
.6,  and  the  ultimate  strength  decreases  to  900  pounds. 

There  are  very  few  works  that  use  24-inch  pipes  under  a  j)res- 
sure  of  one-fifth  of  900  pounds,  or  180,  and  very  few,  if  any,  that 
use  pipes,  under  any  pressure,  as  light  as  this. 

In  the  reports  from  38  different  places  using  24-inch  pipes 
under  various  pressures,  I  find  one  place  using  pipe  weighing  as 
light  as  182  pounds  to  the  foot,  which  would  be  about  .7  of  an 
inch  in  thickness ;  while  another  works,  under  the  same  pressure 
and  probable  circumstances,  uses  i)ipes  weighing  306  pounds  to 
the  foot,  or  about  60  per  cent,  in  excess  of  the  lighter.  I  do  not 
know  that  I  have  strength  of  conviction  enough  to  advocate  the 
use  of  24-inch  pipe  only  .6  of  an  inch  in  thickness  for  any  works 
where  there  is  any  pressure  at  all,  although  my  estimates  and 
figures  show  that  it  would  be  perfectly  safe,  but  it  is  so  radically 
different  from  custom  that  I  have,  to  a  certain  extent,  given 
way  to  custom  and  prejudice,  and  have  adopted  as  standard 
weights  for  all  pipes  used  in  the  works  contracted  for  by  myself, 
as  follows : 
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I  think  in  this  I  allow  a  large  excess  over  and  above  that 
which  is  necessary,  and  shall  probably  reduce  my  weights  some- 
what in  the  near  future. 

When  the  pipe  manufacturer  tells  you  that  a  certain  weight  of 
pipe,  much  in  excess  of  what  you  know  has  been  used  success- 
fully, is  necessary,  you  of  course  understand  that  he  is  advocating 
the  heavy  weight  entirely  from  a  selfish  standpoint,  as  it  is  much 
more  to  his  advantage  to  sell  you  pig  iron  at  pipe  price  than 
otherwise.  But  when  you  use  cast  iron  water  pipes,  I  ask  you  to 
consider  it  in  the  same  light  and  with  the  same  method  as  you 
do  any  other  material,  make  your  specifications  so  as  to  insure  as 
near  as  possible  the  perfection  of  manufacture,  and  insist  on  the 
manufacturers  living  up  to  the  same. 

As  a  protection  against  corrosion,  on  both  external  and  in- 
ternal surfaces  of  the  pipes,  the  usual  habit  has  been  to  treat  them 
in  the  manner  originated  and  first  used  by  Dr.  Smith,  of  Eng- 
land, which  was  to  immerse  in  a  hot  bath  of  deodorized  coal  tar 
and  linseed  oil.  The  Dr.  Smith  method  has  been  improved  upon 
by  a  good  many  makers,  by  adding  a  small  percentage  of  asphal- 
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turn  and  by  heating  the  pipes  as  well  as  the  mixture,  and  when 
the  pipes,  thoroughly  cleaned,  are  dipped  in  such  a  mixture,  the 
result  is  a  smooth,  hard,  glossy  coating,  which  it  is  difficult  to 
remove,  and  which  is  not  acted  upon  by  the  usual  waters  con- 
fined in  the  pipes  or  found  in  the  soils  in  which  the  pipes  are 
buried.  To  properly  coat  pipes  in  this  method  requires  time 
and  care,  and  costs  money,  and  I  am  sorry  to  say  that  a  good 
many  manufacturers  do  not  coat  pipes  as  they  should  be  coated 
or  as  they  claim  to  coat  them.  A  poorly  coated  pipe  is  not  much 
better  than  a  naked  one,  and  it  is  therefore  of  the  utmost  import- 
ance that  you  insist  upon  the  makers  living  up  to  your  specifica- 
tions, which  should  call  for  the  best  material,  applied  in  the  best 
manner. 

Cement  Lined  Pipes. 

• 

In  certain  sections  of  the  country  so-called  cement  lined  pipes 
have  been  used  to  quite  a  large  extent,  and  I  think  next  to  cast 
iron  pipes  they  have  the  largest  mileage  to  their  record  of  any 
pipes  made.  They  have  their  friends  and  their  enemies,  and  a 
good  deal  can  be  said  on  both  sides  of  the  question  for  and 
against  them.  At  the  time  their  use  was  most  general  in  the 
Eastern  States,  their  cheapness  was  their  principal  attraction,  and 
a  good  many  municipalities  brought  themselves  to  believe  that 
they  were  worthy  of  their  confidence,  because  it  was  for  the  in- 
terest of  their  pocket-book  to  so  believe,  but  that  they  have  proved 
'*  a  delusion  and  a  snare  "  is  well  known. 

Three  years  ago  I  sent  personal  letters  to  every  department 
whose  address  I  could  obtain  throughout  the  United  States  and 
Canada  that  had  ever  used  wrought  iron  cement  lined  pipe,  and 
received  a  very  large  number  of  replies.  From  a  careful  study 
of  these  replies  I  find  that  the  average  life  of  the  cement  pipe,  as 
usually  made,  was  eight  years,  and  that  no  place,  with  two  ex- 
ceptions only,  who  had  had  these  pipes  in  use  for  a  longer  period 
than  eight  years,  recommended  them. 

Cement,  in  itself,  is  free  from  all  objection  as  a  material 
through  which  to  convey  potable  waters,  but  to  utilize  it  in  a 
permanent  and  economical  manner  is  a  difficult  question. 

The  earlier  forms  of  the  cement  lined  wrought  iron  pipes  were 
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composed  first  of  thin  shells  of  sheet  iron  with  their  edges  lapped 
and  riveted,  and  sometimes  additionally  strengthened  by  means 
of  longitudinal  strips  on  both  outer  and  inner  sides  of  the  lap. 
These  shells  were  supposed  to  be  water  tight  in  themselves,  and 
to  have  sufficient  strength  to  resist  the  maximum  pressure  of 
water  to  be  confined  in  them.  After  riveting,  these  shells  were 
lined  with  a  thin  coating  of  cement  mortar,  usually  composed  of 
one-half  sand  and  one-half  American  hydraulic  cement.  After 
lining  and  before  this  cement  had  hardened,  the  shells  w^ere  laid 
on  their  sides  so  that  the  light  could  enter,  and  any  imperfections 
in  the  lining  that  could  be  seen  from  one  end  were  removed  by 
the  use  of  proper  tools  and  the  ends  trimmed  and  completed 
ready  for  the  joint.  After  the  cement  had  properly  and  thor- 
oughly set,  these  shells  were  conveyed  to  the  trench,  laid  in  a  bed 
of  mortar,  joined  to  their  neighbors  by  a  wrought  iron  band,  and 
the  whole  exterior  surface  of  the  pipes  covered  with  a  coating  of 
mortar.  Usually  the  joint  was  filled  and  covered  with  neat 
cement  rather  than  cement  mortar.  As  soon  as  the  cement  on 
the  outer  side  had  sufficiently  set,  so  as  to  retain  its  position  and 
form,  the  pipes  were  covered  and  the  trenches  refilled  in  the 
usual  manner. 

The  objection  to  this  class  of  pipe  is,  first,  cement  mortar,  com- 
posed of  one-half  sand  and  one-half  cement,  is  not  an  impervious 
material,  and  water,  under  ordinary  pressure,  is  forced,  to  a 
greater  or  less  extent,  through  it  and  so  comes  in  contact  with 
the  shell,  which  it  eats  until  it  has  no  strength  left,  when  the 
pipe  is  destroyed.  In  examining  many  miles  of  this  pipe  which 
has  been  taken  out  and  replaced  with  cast  iron,  I  have  noticed 
that  wherever  a  joint  was  made  and  covered  with  neat  cement, 
the  iron  has  been  in  almost  as  good  condition  as  the  day  the  pipe 
was  laid,  and  this  gives  rise  to  the  belief  that  a  wrought  iron 
shell,  lined  and  coated  with  neat  cement,  would  have  greater 
durability  and  life  than  one  lined  and  coated  with  cement  mor- 
tar. Whether  such  a  pipe  can  be  perfectly  made  or  not  is  a  seri- 
ous question,  and  is  the  only  question  which  prevents  a  much 
larger  and  more  general  use  of  this  kind  of  pipe.  The  many 
manipulations  necessary  before  the  pipe  is  complete  in  the  trench, 
and  the  fact  that  both  the  lining  and  coating  depends  for  its 
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efficiency  upon  the  manipulation  of  mechanics,  allows  too  many 
possible  mistakes  or  errore  to  creep  in  and  so  render  the  pipe  im- 
perfect.  This  pipe  is  readily  and  clieaply  made  and  has  many 
adherents  at  the  present  time. 

Wrought  Iron  Coated  Pipes. 

In  many  places  in  the  western  part  of  the  country,  wrought 
iron,  riveted  pipe  simply  covered  with  asphaltum  have  been  used 
for  many  years  and  with  the  best  results,  principally  in  works 
connected  with  hydraulic  mining  and  irrigation,  but  in  some  few 
cases  they  have  formed  the  main  supply  pipes  for  a  city  or  town. 
They  have  given  good  results  as  far  as  strength  and  durability 
are  concerned,  the  only  objection  to  them  being  their  cost  and 
the  increased  loss  of  head  by  friction  on  the  lapped  and  riveted 
seams. 

Within  the  last  few  years  lap  welded  wrought  iron  pipes  have 
begun  to  be  used  and  they  have  proved  so  far  to  be  worthy  of 
confidence ;  they  are  light,  easily  handled  and  fitted,  exception- 
ally strong,  arc  not  injured  by  rough  usage,  settlement  of  the 
ground,  or  water  hammer ;  present  smooth  interiors,  and  on  this 
account,  and  the  fact  that  they  usually  come  in  lengths  of 
eighteen  to  twenty  feet,  have  a  greater  carrj'ing  capacity,  on  ac- 
count of  reduced  friction,  than  cast  iron  pipes  of  the  same 
diameter. 

Several  different  methods  of  joining  these  pipes  have  been  de- 
vised, but  that  which  seems  to  be  the  simplest  and  best  and  to 
meet  all  the  requirements,  is  a  simple  cast  iron  sleeve,  locked  on 
to  rivets  in  the  ends  of  the  pipe,  a  joint  between  the  two  being 
made  with  hot  lead  poured  and  caulked  in  the  same  method  as 
on  cast  iron  pipes. 

The  only  question,  or  objection,  that  can  be  raised  against  these 
pipes  is  that  of  durability.  The  asphaltum  coating  used  on  the 
Pacific  Slope  is  undoubtedly  good  as  long  as  it  remains  perfe<it, 
but  in  the  handling  necessitated  by  transportation  and  laying, 
this  is  apt  to  become  abraded  and  the  naked  iron  exposed,  al- 
though in  some  twenty  miles  of  this  kind  of  pipe  that  I  laid  three 
years  ago,  I  have  heard  of  no  place  where  the  asphaltum  has 
been  removed  and  corrosion  commenced. 
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Several  chemical  processes  to  protect  the  iron  have  been  tried, 
principally  among  which  may  be  mentioned  the  Kalemein  pro- 
cess, the  Bower  Barff  process,  and  the  Wallen  process. 

The  first  of  these  has  been  extensively  used  in  this  country  and 
has  given,  as  far  as  I  can  learn,  good  results  when  thoroughly 
done,  but  in  common  with  all  processes  that  are  used  by  ignor- 
ant workmen  on  a  large  scale,  it  is  liable  to  be  imperfect  in  re- 
sults, and  in  some  forty  miles  of  this  pipe  which  I  have  laid,  I 
have  had  it  doubly  treated  with  the  Kalemein  mixture  and  after- 
wards coated  with  asphaltum. 

A  line  of  12-inch  pipe,  thus  treated  and  laid  in  1883,  was  re- 
cently taken  up  and  lowered  to  correspond  with  the  change  of 
grade  of  the  street,  and  careful  examination  showed  that  the  pipe 
was  as  bright  and  clean  inside  as  when  first  laid,  and  I  have  not 
heard  of  any  places  being  found,  where  it  has  been  dug  up  for  the 
purpose  of  making  connections,  etc.,  that  were  not  in  good  con- 
dition. 

The  Bower  Barff  i>rocess  is  u  combination  process  by  which  the 
surface  of  the  iron  is  oxidized  and  thus  further  corrosion  is  pre- 
vented. I  do  not  know  of  much  of  this  pipe  having  been  usecf) 
but  some  samples  which  I  have  that  were  treated  in  England 
have  not  shown  a  very  high  state  of  preservation,  numerous  rust 
spots  coming  upon  them,  although  onlj'  exposed  to  the  at- 
mosphere. 

The  Wallen  process  is  a  process  of  coating  with  copper,  similar 
to  electro-plating,  but  it  has  the  advantage  over  plating,  in  that 
by  it  the  copper  seems  to  become  a  part  of  the  surface  of  the  iron 
and  is  not  liable  to  be  peeled  or  flaked  off  by  rough  usage  or 
blows.  This  process  has  but  just  been  introduced  into,  this  coun- 
try and  has  not  had  the  test  of  time,  but  a  large  number  of 
samples  which  I  have  had  have  so  far  proved  good,  and  I  have 
great  hopes  that  the  process  can  be  put  upon  a  successful  com- 
mercial basis,  so  that  large  pipes  can  be  treated  and  it  be  given  a 
thorough  test. 

It  is  my  opinion  that  wrought  iron  pipes  treated  in  some  one 
of  the  methods  indicated,  or  in  some  method  yet  to  be  dis- 
covered, will  soon  supersede,  in  most  cases,  all  other  kinds  of 
pipe.  rl 
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Wooden  Pipes. 

Wooden  pipes  are  used  to  a  limited  extent  in  the  northern 
central  portion  of  the  country,  and  are,  I  believe,  the  only  pipes 
in  which  the  diameter  increases  with  use.  They  have  many  ad- 
vantages and  a  considerable  number  of  disadvantages.  Their 
bulkiness,  short  lengths,  the  difficulty  encountered  in  joining 
them  together  and  maintaining  a  joint  under  all  conditions, 
renders  them  a  questionable  article.  When  made  of  good,  soft 
pine  they  are  unobjectionable,  from  a  sanitary  point  of  view,  as 
water  conveyors.  In  some  soils  they  have  proved  very  durable, 
while  in  others  they  have  lasted  but  a  few  years. 

In  order  to  strengthen  this  pipe,  and  make  it  possible  to  use  a 
larger  diameter  of  bore  in  a  given  size  of  log,  they  are  sometimes 
wound  spirally  with  wire  or  small  hoop  iron  and  afterward 
dipped  in  hot  tar  and  sanded. 

Earthbn-Wabe  Pipes. 

Earthen-ware  pipes,  or  what  is  commonly  known  as  vitrified 
pipe,  is  used  in  some  places  for  conduit  pipes,  and  in  a  few  cases, 
that  have  come  to  my  knowledge,  for  distribution  pipes.  I  have 
known  them  to  be  used  in  works  where  the  static  head  is  40 
pounds  and  they  have  given  good  results  for  years.  In  these 
cases  the  -joints  have  been  made  with  a  band  of  wrought  iron 
filled  with  brimstone.  The  pipes  have  been  tapped  with  a  band, 
filled  with  brimstone,  and  then  a  hole  drilled  through  the  cor- 
poration, the  brimstone  and  the  pipe.  They  make  a  clean,  dur- 
able conductor,  reasonable  in  cost,  but  have  the  objectionable 
features  of  reduced  capacity,  on  account  of  friction  caused  by  the 
frequent  number  of  joints,  and  the  irregularity  of  their  shape. 

Composition  Pipes. 

Composition  pipes  made  of  various  substances,  but  principally 
of  asphaltum  and  canvas,  have  been  used  to  a  limited  extent  but 
found  entirely  inadequate  as  to  capacity,  durability  and  conve- 
nience of  handling. 

Glass  Pipes. 
Glass  pipes,  of  large  diameter,  have  not  been  successfully  pro- 
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duced,  but  it  has  been  predicted  by  several  large  glass  manu- 
facturers that  it  will  not  be  long  before  some  method  of  casting 
these  pipes,  successfully  and  cheaply,  will  be  devised. 

Made  in  form  similar  to  our  present  cast  iron  pipes,  with  some 
suitable  device  for  a  joint,  and  of  a  malleable  glass,  they  would 
form  a  water  pipe  to  which  there  could  be  scarcely  an  objection ; 
strong,  tough,  smooth  and  indestructible,  and  made  of  a  material 
that  is  found  almost  everywhere ;  it  is  not  without  the  range  of 
probability,  that  whenever  a  large  quantity  of  pipe  is  to  be  used 
in  any  one  locality,  a  furnace  will  be  erected  and  the  pipes  made 
where  they  arc  to  be  used. 
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EQUILIBRIUM  AND  Sl^ABILITY  OF  THE  FLOATING  CURRENT 
DEFLECTORS  DESIGNED  FOR  HARBOR  AND  RIVER 

IMPROVEMENTS. 

(8appl6ni«nt  to  "  Habbob  Stvdibb/') 

Bv  Prof.  L.  M.  Haupt,  Active  Member  of  the  Club. 

Bead  December  ISth,  1886. 

Let  A  W  -~  section  of  the  ver- 
tical deflector  or  shield. 

P  =:  resultant  pressure  of  cur- 
rent. 

Pn  =  P  cos  ^^  —  normal  press- 
ure of  current. 

W  =  load  or  counterpoise. 

Wn  —  Wsin  *  =  normal  load. 

I  =  leverage  of  Pn  about  A  as 
center  of  rotation. 

I'  =  leverage  of  Wn  about  A  as 
center  of  rotation, 
then  the  equation  of  equilibrium 
will  be 
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IPcos^  —  r  Wdn^^  =  0 
W=j,P  cot  »^  (1) 

if  IK  be  at  end  of  shield  then   .,  =  §  and  (1) 

becomes 

W=iPcot''^    (2) 

When  »v  —  0,  cot  »'>  =  oo  as  it  should  be,  for  then  the  shield 
is  vertical,  and  the  pressure  and  weight  are  not  opposed,  but  at 
right  angles  to  one  another. 

When  ^  =  90°,  cot  »^  =  0,  for  then  the  pressure  P  is  parallel 
to  the  shield,  and  theoretically  does  not  act  upon  it  (assuming 
the  shield  to  have  no  weight). 

To  find   W  in  terms  of  Pn,  the  normal  pressure  due  to  the 

velocity  of  the  current: — substitute  its  value  in  (2)  and  there 

will  result 

ir=^  Pn  sec*'*  cot  f^  (3) 

If  the  shield  be  21  ft.  long  then  AW=  V  =  21  ft. 

If  the  velocity  at  the  gorge  be  v  =  5  ft.  per  sec,  which  is  suf- 
ficient to  move  2"  square  stones,  thei^  P»  will  be  25  lbs.  per 
square  foot,  and  the  pressure  on  one  section  of  a  shield  a  foot 
wide  must  be  25  X  21  =  525  lbs.  =  Pn^ 

If  ''j*  be  30°  the  deflector  will  make  an  angle  with  the  surface 
of  (90  —  d)  =  60°,  and  from  (3)  the  value  of  IF  must  be  =  I  Pn 

^Pn 


X2=     , 
o 


When  »v  =  60°,  W  =  .77  Pn  ^  404  lbs.  per  lineal  foot.     W 
will  =  Pn  when  ^  sec  »^  cot  '5»  =  1,  that  is,  when  rj  «cc  »'>  —  tan  »> 

or  g     ^  ,   --  ^^  t  from  which  »in  »>-.?=  0.66G  and  »v  r-  41° 

C08  •*  COS  '5^ 

48'.  Therefore  when  the  counterpoise  is  equal  to  the  normal 
pressure  a,  the  angle  which  the  shield  makes  w^ith  the  surface 
will  be  48°  12',  or  a  shield  would  cover  75  per  cent,  of  the  depth, 
if  long  enough  to  reach  bottom  when  vertical.  Thus  the  mean 
velocity  would  be  increased  four-fold,  but  the  bottom  velocity 
woulfd  be  increased  in  a  much  more  rapid  ratio  because  of  the 
vertical  component  depressing  the  axis  of  the  current. 
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Table  of  Valuics 
for  Pn  =  W,  for  a  =-  48^  12'  and  i'  =  21. 


II.  UCIr  8€C. 

Pn- 

irforZ'21. 

V=-  1 

•                        • 

• 

21  lbs. 

v-2 

•                       •                       ft 
• 

m 

84   " 

V  =5 

•                        ■ 

m 

189   " 

V       4 

•                       •                        • 

• 

330   " 

V       5 

■                       • 

• 

525   " 

Note. — If  ir  is  of 

iron,  add  13  per 

cent,  for  loss  of  weiglit  in 

water. 

By  loading  the  shield,  therefore,  with  the  weight  required  to 
produce  any  velocity,  the  deflector  becomes  automatic  and  will 
rise  or  fall  as  the  pressure  increases  or  diminishes,  as  in  a  scale 
beam.  It  becomes  a  simple  matter,  therefore,  to  produce  any 
amount  of  pressure  on  the  bottom  by  increasing  the  weight  or 
counterpoise  of  the  shield. 

The  shield  may  be  supported  by  large  floats  or  upon  clusters 
of  piles  well  anchored  and  guyed  until  their  work  is  done,  when 
they  should  be  removed,  either  wholly  or  in  part,  leaving  a  por- 
tion of  the  lateral  curtains,  or  their  equivalent,  to  maintain  the 
channel. 

Latkral  Deflpxtors. 
EquUibinum  of   CuHahis, 

The  e([uilibrium  of  the  lateral  system  depends  upon  the  two 
elements  of  weight  and  displacement ;  its  stability  upon  the  rela- 
tion between  the  forces  and  resistances. 

These  conditions  will  be  most  clearly  expressed  in  tabular 
form,  but  it  should  be  distinctly  understood  that  the  computa- 
tions are  based  upon  the  assumption  that  the  forces  press 
normally  upon  a  rigid  surface^  which  is  not  the  case.  The  curtains 
are  supported  on  the  opposite  side  by  the  inertia  of  the  water, 
and,  being  flexible,  there  is  no  severe  shock  or  blow  communi- 
cated to  them. 

Every  part  assumes  its  load  gradually,  and  the  stresses  are  of 
such  a  character  as  are  best  resisted  by  iron  or  steel  in  the  form 
of  ropes  or  chains. 

It  is  also  evident  that  shquld  any  one  buoy  or  chain  not  bo 
sufficient  to  uphold  the  system,  othei's  can  readily  be  attached. 
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The  unit  of  this  calculation  is  a  curtain  36  x  24  feet  for  deep 
water,  with  suflScient  "play"  for  a  tide  of  six  feet. 


Buoyant  System. 
Forces  acting  upward. 


Name. 

1st  Class 
Nun  Buoy   i 
U.  S.  Standard; 

Stretcher 
8"  diam.,  40' 


VOLUMB. 


Disflaceh't.  I     Weight. 


Available 
Buoyancy. 


cub.  ft.  lbs.  lbs.  net.  lbs. 

253.32     j  15,832.50    —  2572.30  13,260.20 

13.88      '+ 862.58   j  — 1120.00'  —257.42 

I  :  13,002.88" 


Name. 


Main  Vert. 
Chains. 
Curtain  1 
Braces,    j 
Guy  Chains. 


Load  (Ikon). 
F(yi'ces  acting  downward. 


Dimensions. 


PerGsht. 
Ult  o*"  I^osb 

I    Weioht.    Isthb^oth.  j    byIm. 

I  MBB8I0H. 


l^ff"  diam.  X  24'  I 
1"  diam.  X  88'  I 
?,"  diam.  X  350'  I 
1"  diam.       100'  I 


388  lb.s. 
120  " 
210  " 
1000  " 


69,440  lbs. 
24,000 
14,000 
40,320  "  ; 


(.' 


it 


13 


1718  less  13  per  ct.  --  1495  lbs. 


If  we  omit  the  canvas  covering,  assuming  it  to  have  a  specific 
gravity,  when  immersed,  equal  to  that  of  water,  we  will  have  for 
total  weight  of  buoy,  stretcher,  chains  and  attachments  5188  lbs., 
leaving  an  available  buoyancy  of  11,506  lbs. 

Thk  Moorixgs. 

It  is  intended  to  anclior  the  lateral  system  to  a  ground  cable 
laid  upon  the  bottom  and  fastened  at  intervals  to  screw  discs, 
sunk  to  a  sufficient  dei>tli.     Its  efficiency  has  been  abulidantly 
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demonstrated  at  Calcutta,  where  it  has  been  in  use  for  some  years 
for  holding  large  vessels.  These  discs  are  sunk  25  foet  and  are 
spaced  420  feet  apart  ( Vide  p.  422,  Vol.  34  of  Engineering,  Nov. 
8d,  1882).  In  this  article  the  author,  Wm.  Duff  Bruce,  M.E.,  C.  E., 
says,  §  75 :  "  The  whole  of  the  moorings  in  the  port  are  regularly 
examined  by  divers  once  a  year,  and  since  they  were  relaid  in 
1868  they  have  never  shown  the  slightest  sign  of  moving, 
although  they  have  several  times  been  severely  tested.''  This 
was,  therefore,  after  an  interval  of  fourteen  years. 

Should  the  pressure  of  the  waves  and  currents  be  sufficient  to 
drag  the  buoys  under  water,  there  would  result  a  pull  on  the 
anchorage  of  at  least  11,506  lbs.  This  is  equivalent  to  the  weight 
of  260  cubic  feet  of  moist  sand  immersed  in  water,  and  omits  the 
pressure  of  the  water.  If,  therefore,  the  discs  were  sunk  but  10 
feet,  and  the  slopes  of  the  cone  of  rupture  be  taken  at  45*^,  the 
volume  of  the  cone  would  be  1046  feet,  or  about  four  times  the 
estimated  pull.  This  multiplied  by  the  available  weight  per  foot, 
whicli  I  have  taken  as  low  as  60  lbs.,  gives  62,760  lbs.  resistance, 
which  is  about  equal  to  the  strength  of  the  vertical  cables.  As 
60  is  low,  the  chain  would  doubtless  break  before  the  anchorage 
would  yield,  and  I  doubt  if  any  part  of  this  system  could  well  be 
subjected  to  a  shock  capable  of  rupturing  a  1^  in.  iron  cable. 

The  standard  anchor  cables  for  ships  of  350  tons  burthen  are 
1 J  in.  in  diameter.  They  are  subjected  to  a  much  more  violent 
action  than  this  submerged  system  could  ever  be. 

The  experience  then  with  moorings  of  this  description  appears 
to  be  amply  sufficient  to  justify  its  application  to  this  system  of 
lateral  curtains  with  every  reasonable  assurance  of  success. 

Economy  of  Currknt  Deflectors. 

As  to  the  economy  of  this  method  of  dredging  as  compared 
with  the  mechanical  devices,  reference  is  made  to  a  crude  and 
limited  construction  used  on  the  Garonne  in  France :  where,  not- 
withstanding its  imperfections,  it  was  found  quite  efficient.  The 
account  says:  ''An  economical  maimer  of  removing  the  materials 
of  the  bed  of  a  river  consists  in  the  application  of  movable  dams 
attached  to  a  boat.    Those  dams  ofter  a  resistance  to  tlie  flow  of 


74  Haupt — Floating  Curroit  Deflectors,         [Proc.  Eng.  Club. 

the  water,  and,  according  to  the  greater  or  less  depression  given 
to  them,  they  either  divert  the  whole  gffort  of  the  stream  against 
any  particular  object,  or  by  simply  contracting  the  water-way 
they  augment  its  velocity,  especially  at  the  bottom.  Wherever 
applicable  this  tystem  has  been  found  to  diminish  the  expense 
by  about  nino-t^nths." 

"  The  machine  which  was  employed  on  the  Garonne  removed 
about  60  yards  per  day  of  sand  and  clay,  at  an  expense  of  about 
21(1  (5  cents)  per  cubic  yard." 

(Extract  from  the  "  Aide  Memoire"  Vol.  3,  p.  273.) 

It  appears  that  this  dam  was  a  kind  of  vertical  screen  attached 
to  the  up-stream  end  of  a  scow  to  contract  the  water-way. 

History  of  Vertical  Deflectors. 

l^robably  the  earliest  attempt  made  to  apply  u  vertical  detiec- 
tion  of  the  surface  velocities  upon  the  bottom  was  patented  in 
1853.  The  device  consisted  of  a  large,  rectangular  wooden  tube, 
open  at  both  ends  and  having  a  wooden  diaphragm  or  inclined 
plane  extending  from  the  upper  edge  at  the  inner  end  to  near 
the  lower  edge  at  the  outer,  for  the  purpose  of  reflecting  the  sur- 
face current  downward  to  act  upon  the  bar.  "  The  excavator  is 
to  be  anchored  at  the  inner  edge  of  the  bar  by  weighting  down 
the  top."  Thus  it  appears  it  had  no  means  of  locomotion,  the 
anchorage  was  very  deficient,  there  was  no  assurance  that  it 
would  always  remain  "right  side  up"  nor  that  it  would  not  be 
submerged  by  the  scour  at  its  ends  and  sides.  It  would  probably 
soon  have  been  dashed  to  pieces  or  capsized. 

In  1860  another  attempt  was  made  to  apply  this  principle  in 
a  more  practical  device.  It  consisted  of  a  floating  barge  having 
a  false  bottom  hinged  near  tlie  up-stream  edge.  The  bottom  was 
composed  of  two  leaves,  the  lower  being  kept  horizontal  as  it 
was  pressed  down  by  four  spuds,  while  the  upper  was  made  to 
flare  up  stream  to  deflect  the  current  under  the  boat  and  so  wash 
out  the  bar  over  which  it  was  placed.  The  action  in  this 
case,  it  will  be  seen,  was  limited  and  temporary  and  did  not 
differ,  in  kind,  from  that  of  an  ordinary  scow,  which  being 
anchored  over  a  shoal  will  cause  the  removal  of  the  sand  under 
it  for  a  depth  nearly  equal  to  its  draft. 
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A  third  device  was  that  proposed  by  a  Mississippi  River  pilot 
who  tried  to  remove  bars  by  placing  a  barge,  having  heavy  scant- 
ling suspended  on  its  side,  athwart  the  current.  Attached  to  the 
bottom  of  the  scantling  there  were  flaring  shields  3  J  feet  wide, 
extending  the  whole  length  of  the  boat,  80  feet,  by  which  the 
currents  near  the  bottom  were  deflected  downward.  This  machine 
was  placed  at  the  upper  end  of  the  shoal  to  be  removed,  and  the 
aprons  lowered  to  the  required  depth,  when  it  was  found  that  the 
current  was  forced  under  it  with  increased  velocity  and  the 
material  was  quickly  excavated,  thus  allowing  the  barge  to  float 
down  stream,  guided  by  a  tug,  and  shearing  off*  the  top  of  the 
bar  as  it  went.  "When  a  deepening  of  about  six  inches  had 
been  eflfected  over  the  whole  area  required,  the  ai)ron  was  lowered 
still  deeper,  thus  shaving  off  the  shoal  by  successive  cuts."  IJy 
this  means  a  deepening  of  about  two  feet  was  eflfected,  but  when 
operations  ceased  the  bar  reformed.  This  serves  merely  to  dem- 
onstrate the  correctness  of  the  principle  of  vertical  deflection, 
for  in  this  instance  the  feeblest  currents  or  those  near  the  bottom 
were  the  ones  applied,  and  that  only  for  a  very  limited  depth. 
There  was  the  fatal  defect  of  not  providing  for  a  permanent 
change  of  regimen  at  that  section,  for  no  mere  change  of  mould 
without  a  corresponding  change  in  velocity  will  produce  a  per- 
manent channel.* 

Such  are  some  of  the  devices  proposed  for  vertical  deflection  of 
the  maximum  force  of  the  current. 


*  The  Miss»«ippi  .Jetties.     Corthell,  p.  216. 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

From  Apkil  5th  to  Octorkr  SIst,  1886. 


From   ibe  INSTITUTION    OF    CIVIL    ENGL 
NEEB8,  London. 

Fadda—Kftilwftj  Boiling  Stock  In  Italy. 
Howan— ^fts  Producers. 
Stromajer— The  Working  of  Steel. 
Abstract   of  Papers  in    Foreign  Transactions 

and    PeriodlcaI»-VoI.    LXXXIV    (Vol. 

LXZXIII  also  in  library),  Vol.  LXXXV, 

Vol.  LXXXVI. 
Abstract  from  a  Report  to  the  Butch  Minister 

of  Pablic  Works  on  the  Strength  of  Steel 

and  Wrought  Iron  Oirders. 
Vernon-Hareourt— The  River  Seine. 
Unwin — Hardening  of  Cement. 
Sandberg— Rail- Joints  and  Steel  RallH. 
Mair— The  Discharge  of  Water. 
Footner— The  Wear  of  Steel  Rails. 
Strachaa— Sewer  Ventilation, 
(loodmaa — Researches  in  Friction. 
Clerk — Explosion  of  Oaseons  Mixtures. 
(Gordon,    Mosse    k    Canningham — Economical 

Coustrnctlon  of  Railways. 
Dorsey — English  and  American  Railroads. 
Manby— The  Granada  Earthquake. 
Percy  Frankland — Water  Pnriflcations. 
Vernoa-Uarcoart — Blasting  Operations  al  Hell 

Gate,  New  York. 
DaBols  Lnkis — Separation  of  Galena  and  Blend. 
Bottlnols — Footpaths. 
Phillips—The  Effects  of  Liquids  on  Iron. 
Gudworth— Belah  and  Deepdale  Viaducts. 
Rhind— Coefficients  of  Discharge  of  Weirs. 
Hulse—Modem  Machine  Tools. 
Ward— Brickmaki  ng. 
Wood— A  Circular  Chimney-Shaft. 
Cutler— Stability  of  Voussoir  Arclio;*. 
CoTentry-— Masonry  Dams. 
Fox— The  Mersey  Railway,  and 
Rich— The  Mersey  Railway  Lifts. 
Segnndo  and  Robinson — Strength  of  Cast  Iron 

Beams, 
(iower— The  Horizontal  Range  of  Tidal  Rivers. 


Fidler- Practical  Strength  of  Columns. 

Mair— Direct- Acting  Steam-Pump. 

Fox— Viaduct  over  the  Rirer  Esk  at  Whitby. 

From  the  SOCIETY  OF  ENGINEERS,  London, 

England. 
Rules,  By-Laws  and  List  of  Members.    18S6. 
TraasactioBs  for  1886.    Bound. 

From  the  INSTITUTION  OF  MECHANICAL 

ENGINEERS,  London. 
Cowper— The  InTontions  of  James  Watt  and 

his  Models,  presenred  at  Handsworth  ia 

South  Kensington. 

m 

From  the  NORTH  OF  ENGLAND  INSTITUTE 

OF  MINING  AND  MECHANICAL  ENGI- 

NBER8,  Newcastle-upon-Tyne. 

Transactions— Vol.  XXXV,  Part  I,  II  and  III. 

From  the  LIVERPOOL  ENGINEERING 
SOCIETY. 
Annual  Report.    188A. 

From   the    INSTITUTION   OF   CIVIL   ENGI- 
NEERS OF  IRELAND. 
Transactions— Vol.  XVI.    1886. 

From  the  SOCIETY  OF  CIVIL  ENGINEERS, 

Paris. 
Mdmorles — Aug.,  Sept.,  Oct.,  Not.  and  Dec., 

188A.    Jan.,  Feb.,  March,  April,  May  and 

June,  1886. 
Stance  du  5  Mars,  16  Ayril,  1886.    17  Julllet, 

6  Aont,  1  Octobre,  1SS6. 

From  L'ADMINISTRATION  DES   P0NT8  BT 

CHAUSSEE8,  Paris. 
Annales— Not.,  Dec,  1885.    Jan.,  Feb.,  March, 

April,  May,  June,  July  and  Aug.,  1886. 
Personnel— 1886. 

From  the  AUSTRIAN  SOCIETY  OF  EVOI- 
NEER8  AND  ARCHITRCTS.  Vienna 

Wochenschrif  t— 1 88.0. 
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2«ito€hrm— PArt  IV,  1885. 
2«1U«hrift— PMt  I,  II,  1886. 

From  tii«  YXBBIN  FUR  BAUKUNDK, 
Stuttgart,  Oermanj. 
ProcMdiAgt— Part  U,  188^1 88«. 

From   the   8AX0NIAN   80CIBTY  OF    BNGI. 

NEBBB  AflO  ABCHITECTB,  Lelpslg. 
D6r  CWilingenie  a  r .    188A. 

From  the  NORWBOIAK  80GIETT  OF  BNGL 

KBBBS  AND  ARCHITECTS,  KriBUanla. 
NortkTekniek  Tideskrifl— III,  6, 1886.    IV,  1, 2, 
3, 4, 1886. 

From  the  BWBDIBH  SOCIETY  OF  CIVIL 

EKGINXBRS,  Stoekholm. 

Proeeedinga— Femte  HUftet  and  SJette  HK/tet, 

1886. 
Proeeedings— Forsta  Hftftet,  1886. 
••  Andra      '*         •• 

'*  Tredje      ••         " 

From  the  PORTUOBBB  SOCIETY  OF  CIVIL 

BN0INBBR8,  Lisbon. 
SoTleta  de  Obrai  Pablicac  E.  Minaa— No? .  and 
Dee.,  1886.  ^ 

From  the  AROBJITINE  SCIENTIFIC  SOCIETY, 

BaoAoe  Ajres. 
Aaales— Jiilj,  Avg.,  Sept.,  Oet.,  Not;  and  Dee., 

1886.     Jan.,  Feb.,  Mareh,   April,  June, 

July  and  Aug.,  1886. 
Boergo— Bzamen  de  la  Propneeta  Y  Projeeto 

Del  Pnerto,  Parts  I  and  II. 

From  the  VILLB  DB    BUCHAREST  DIRBC. 

TION  DE8  TRAVAUZ. 
Project  pentm  Distribatlanea — Apri  in  Oras, 
1886. 

From    the    ASSOCIATION     OF    DOMINION 

LAND  SURVEYORS,  OtUwa,  Canada. 
Proeeedings  of  Sd  Ananal  Meeting— Feb.,  1886. 

From  the  OBOLOGICAL  AND  NATURAL  HIB. 

TORT  SURVEY  OF  CANADA,  OtUwa,  Ont. 
DeecriptiTe  Gatalogne  of  a  Colleetion  of  the 
Beonomic  Minerals  of  Canada. 

From  the  HISTORICAL   AND    SCIENTIFIC 

80CIBTT  OF  MANITOBA,  Winnipeg. 
Panton — ^The  Geology  of  some  Islands  in  Lake 

Winnipeg. 
Goodridge— On  the  proposed  change  of  Time 

Marking  to  a  Decimal  System. 
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ANNUAL  ADDRESS 

OF 

Washington  Jones,  Retiring  President. 

Bead  January  8£A,  1887. 

Fellow  Members  : — This  being  the  termination  of  our  Club 
year,  and  the  occasion  when  your  officers  resign  to  their  succes- 
sors the  trust  with  which  you  honored  them,  and,  as  the  event  is 
usually  accompanied  by  remarks  upon  matters  of  interest  to  the 
Club,  I  will  try  to  fill  that  part  of  the  proceedings  which  devolves 
upon  the  retiring  President,  although  the  task  is  not  an  easy  one 
to  present  an  address  which  will  interest  a  body  of  Engineers  in 
active  practice  and  well  informed  upon  current  professional  mat- 
ters, unless  the  theme  be: — new  processes  in  the  arts;  the  discovery 
of  a  new  law  in  physics;  personal  experiences  in  a  work  of  mag- 
nitude; an  important  invention;  or  some  such  novelty  then  first 
mentioned.  When  none  of  these  are  available,  there  remains  but 
little  beyond  a  passing  notice  of  such  prominent  enterprises,  be- 
gun or  ended,  as  have  been  described  in  some  of  the  many  able 
technical  periodicals  found  upon  the  tables  of  our  library.  Upon 
these  items  no  doubt  you  are  well  informed,  and  therefore  they 
are  merely  outlined  here,  as  full  descriptions  might  prove  to  be>- 
as  wearisome  as  a  "  twice  told  tale." 
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It  must  be  admitted  by  all  with  regret,  that  the  hopeful  antici- 
pations of  a  revival  in  business  activity,  expressed  in  the  last  an- 
nual address  read  before  you,  and  which  were  warranted  by  the 
auspicious  opening  of  the  year  after  a  long  season  of  depression, 
have  not  been  realized.  At  that  period,  and  for  a  short  time 
after,  the  prospect  was  exceedingly  good.  New  industrial  estab- 
lishments were  projected  and  existing  ones  were  to  be  enlarged, 
to  meet  the  expected  increase  in  the  volume  of  manufactured 
products ;  but  a  check  to  growing  confidence  was  given  by  the 
fears  of  national  legislation  adverse  to  manufacturing  interests, 
then  assuming  a  threatening  aspect;  and,  in  addition,  a  series  of 
"  strikes  "  were  precipitated  by  inconsiderate  workingmen,  whose 
demands  for  greater  remuneration  or  lessened  hours  of  labor 
could  only  be  acceded  to  upon  the  alternative  not  only  of  no 
legitimate  returns  for  invested  capital,  but  of  the  impairment  of 
the  capital  itself.  These  causes  produced  their  natural  effect. 
The  general  business  of  the  country  was  disturbed,  and  in  some 
sections  entirely  paralyzed.  No  engineering  work  of  importance 
was  commenced  during  the  early  part  of  the  past  year,  and  only 
some  which  had  been  commenced  previously  were  completed; 
but  in  the  closing  months  of  the  year  a  reaction  set  in,  and  the 
lost  ground  was  partially  regained.  The  metal  most  important 
in  the  arts  advanced  materially  in  price,  and  that,  observation  has 
taught,  is  an  almost  unfailing  sign  of  a  revival  in  general  busi- 
ness activity.  Confidence  is  of  slow  growth,  but  it  will  be  quick- 
ened and  become  strongly  rooted  when  a  plan  shall  be  devised 
which  will  restore  harmonious  relations  to  the  interdependents, 
Labor  and  Capital;  and  when  returning  reason  shall  awaken  the 
workingman  to  the  facts,  that  every  man  possesses  the  indefeasible 
right  of  free  individual  action,  and  that  the  most  intolerable  op- 
pression known  is  the  tyranny  of  a  mob ;  and  on  the  other  side, 
when  employers  realize  that  a  larger  output  and  increased  re- 
turns result  from  justly  remunerated,  contented  labor,  the  first 
milestones  on  the  way  to  a  lasting  settlement  of  the  so-called 
"Labor  troubles"  will  have  been  passed.  The  hum  of  spindles 
will  be  silenced  by  command  no  more,  nor  will  the  forge  fire 
smoulder,  whilst  its  master  sits  in  enforced  idleness  awaiting  per- 
mission to  resume  the  toil  that  brings  food  to  wife  and  eager  little 
ones. 
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Nor  will  the  railway  train,  bearing  the  products  of  the  farm 
and  mine,  be  again  arrested  when  on  the  way  to  exchange  its 
burden  for  another  needed  at  its  starting  point.  Capital  will 
expend  its  surplus  upon  new  enterprises,  knowing  that  the  hand 
of  Labor  will  gladly  lend  its  skill  for  the  mutual  advantage,  and 
*'  there  shall  be  none  to  make  them  afraid.'* 

In  recalling  your  attention  to  such  engineering  works  as  have 
come  to  my  notice,  I  shall  place  them  in  the  order  of  their  seem- 
ing importance  in  promoting  the  interests  and  comfort  of 
mankind. 

In  a  country  like  our  own,  possessing  a  diversity  of  climate  and 
soil,  and  so  producing  nearly  everything  necessary  to  supply  the 
wants  of  its  inhabitants,  railways,  for  the  interchange  of  its  pro- 
ducts, should  rank  first. 

It  has  been  remarked :  "  The  railway  traffic  of  the  United 
States  far  exceeds  in  value  its  foreign  commerce."  This  should 
cause  no  surprise,  when  it  is  considered  that  the  bulk  of  our  im- 
ports and  exports  must  be  carried  by  railways  from  or  to  the 
shipping  ports,  excepting  only  that  portion  of  imports  consumed 
in  those  ports,  which,  manifestly,  does  not  nearly  equal  the 
remainder  to  be  transported  for  inland  consumption.  During 
the  past  year  the  total  mileage  of  railway  in  the  United  States 
was  increased  by  eight  thousand  (8,000).  Of  this  about  one  hun- 
dred miles  in  length  was  laid  by  the  Baltimore  and  Ohio,  from 
Baltimore  to  Philadelphia,  intended  as  a  link  to  connect  with  the 
Reading  Railroad  and  its  leased  lines  through  to  New  York. 
Another  road,  somewhat  longer,  has  been  built  from  Philadelphia 
up  the  Schuylkill  Valley  into  the  anthracite  coal  regions.  As 
both  these  roads  are  closely  parallel  with  other  long  existing 
roads,  and  therefore  do  not  develope  new  territory,  the  necessity 
for  their  construction  is  not  apparent.  The  greatest  activity  in 
railway  building  has  been  in  Kansas,  over  1,500  miles  having 
been  laid.  Texas  with  over  200  miles;  Wisconsin  about  200 
miles ;  Illinois,  175  miles,  and  less  amounts  in  several  of  the 
Northwestern  States.  The  first  through  train  to  Vancouver,  over 
the  Canadian  Pacific  Railway,  started  in  July,  1886,  and  con- 
sisted of  12  cars.  One  hundred  and  forty  passengers  were 
carried.    This  is  the  fourth  railway  across  the  Continent.    Not 
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many  years  ago  one  was  considered  as  the  idle  fancy  of  an 
enthusiast. 

The  Russian  government  again  has  under  consideration  the 
scheme  for  constructing  a  railway  across  the  Caucasus.  Its  total 
length  will  be  about  121  miles,  of  which  over  9  per  cent,  will  pass 
through  tunnels,  the  longest  being  about  four  miles.  It  is  expected 
to  be  of  great  commercial  as  well  as  strategic  value  to  Southern 
Russia. 

A  railway  is  to  be  built  in  Africa  extending  250  miles  from 
Loando,  on  the  west  coast,  into  the  interior.  Its  bonds  are  to  be 
guaranteed  by  the  Portuguese  Government,  and  its  equipment  is 
being  made  in  Belgium. 

The  total  railway  mileage  of  the  world,  at. the  end  of  1884,  is 
estimated  to  have  been  290,750  miles.  Of  this  60  per  cent,  is 
in  English  speaking  countries.  Its  total  cost  is  estimated  to  be 
$24,000,000,000.  The  cost  per  mile  ranges  downward  from  $205,- 
840,  in  Great  Britain,  through  Belgium,  France,  Germany,  Aus- 
tria, Russia  and  lastly  the  United  States,  where  the  cost  was  only 
$63,250. 

Tehuantepec  Ship  Railway  is  to  be  urged  forward  by  an  appeal 
to  private  capitalists.  The  promoters  have  declined  the  aid  of 
Government,  trammeled  by  its  restrictions ;  but  Congress  will  be 
asked  to  charter  the  new  organization,  which  will  be  a  private 
company,  international  in  its  scope  and  membership. 

When  the  civil  engineer  has  completed  his  work  upon  a  rail- 
way line,  from  its  location  to  final  track-laying,  the  services  of  the 
mechanical  engineer  comes  into  requisition  to  supply  the  motive 
power.  That  he  is  equal  to  the  occasion  is  proved  by  the  fact 
that  after  our  own  roads  are  fully  equipped,  a  surplus  of  locomo- 
tives, valued  at  $3,000,000,  are  exported  annually.  One  firm  in 
this  city  turns  out  each  year  600  engines,  or  two  for  each  work- 
ing day,  a  larger  production  than  that  of  any  other  establishment. 
Such  railway  companies  as  have  suitable  workshops  prefer  to 
build  themselves  engines  of  their  own  special  design,  but  all  have 
the  distinctive  features  *'  that  the  process  of  evolution  has  devel- 
oped into  the  American  type,"  one  that  is  admirably  suited  to  its 
work  and  satisfactory  to  railway  managers,  notwithstanding  the 
unfavorable  judgment  passed  upon  it  by  the  advocates  of  other 
types. 
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The  rank  of  European  countries  in  their  yearly  production  of 
locomotive  engines  is : — Great  Britain,  2,200 ;  Germany,  2,000 ; 
France.  1,000;  Belgium,  500;  Austria,  400;  Switzerland,  120; 
Italy,  70;  Sweden,  50;  Russia,  40;  Holland,  20.    Total,  6,400. 

Bridges. 

Now  that  railway  trains  have  reached  almost  to  the  limit  of 
speed  attainable,  and  probably  nearly  to  that  of  safety,  the  travel- 
ler chafes  if  a  minute  of  his  time  be  lost  through  running  at  a 
slower  speed.  In  the  olden  time  of  twenty-five  years  ago,  whenever 
a  railway  track  was  interrupted  by  a  navigable  river,  the  trains 
were  ferried  across  upon  a  steamboat,  unless  the  winter's  soUd 
ice  prevented,  but  gave  instead  a  road  bed  for  a  temporary  rail- 
way track.  But,  in  the  present  day  of  ceaseless  activity  and 
haste,  no  such  waste  of  time  is  tolerated.  The  intervening  water 
must  be  crossed  at  speed ;  preferably  over  it  upon  a  bridge.  Should 
a  bridge  be  impracticable,  then  under  it  through  a  tunnel.  Of 
these  modes  of  transit,  now  in  course  of  construction  or  projected, 
the  following  may  be  named  as  of  importance: 

Poughkeepsie  Bridge,  for  which  the  final  contracts  with  the 
Union  Bridge  Company  for  its  construction  have  been  signed. 
It  is  intended  to  cross  the  Hudson  River  at  Poughkeepsie,  and  will 
be  of  steel,  with  four  spans,  each  of  525  feet  in  length.  The 
masonry  piers  will  be  carried  up  30  feet  above  the  water,  and 
will  sustain  superstructures  of  steel  135  feet  high,  upon  which 
the  bridge  floor  will  rest  and  form  a  carriage  way.  The  deck  of 
the  bridge  will  be  55  feet  above  the  floor,  and  will  carry  a  double 
railway  track,  over  which  a  large  traffic  is  expected  to  be  passed, 
as  it  will  be  the  only  bridge  crossing  the  Hudson  River  below  Al- 
bany. A  bridge  of  the  cantilever  pattern  for  the  new  St.  Paul 
railway  is  being  built  to  cross  the  Missouri  River  at  Kansas  City. 
It  will  be  200  feet  long,  and  elevated  80  feet  above  the  water. 

By  the  courtesy  of  Mr.  S.  S.  Smedley,  Chief  Engineer  of  the 
City  of  Philadelphia,  I  am  enabled  to  read  the  description  of  "  the 
new  highway  bridge  now  being  erected  over  the  Schuylkill  River 
on  the  line  of  Market  Street,  Philadelphia.  It  will  be  an  iron 
structure,  on  the  cantilever  principle,  77  feet  in  width  and  550  feet 
in  length,  resting  upon  the  old  foundations  entirely,  except  the 
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anchorage  or  shore  piers,  which  are  wholly  new.  The  old  river 
piers  are  to  be  removed  to  low  water  line  and  built  up  anew  to 
eight  feet  above  high  water.  The  old  abutments  have  been  partly 
removed,  rebuilt  and  arranged  to  suit  the  proposed  new  work. 
The  river  portion  will  be  five  lines  of  single  intersection  trusses, 
containing  ten  double  cantilevers  and  five  suspended  trusses. 
The  cantilevers  are  167  feet  in  length  and  22  feeit  in  depth  at 
piers,  and  nine  feet  at  ends,  which  is  also  the  depth  of  the  sus- 
pended trusses.  The  river  piers  are  215  feet  apart  between  centres. 
The  shore  spans  each  have  plate  girders  64  feet  in  length.  The 
roadway  is  formed  of  transverse  I  beams  covered  with  buckled 
plates,  upon  which  is  laid  asphalt  composition  wearing  surface  on 
the  roadway,  and  granolithic  concrete  on  the  footways.  Provi- 
sion is  made  for  the  passage  of  the  grip  and  cable  of  the  Traction 
Railway,  and  also  for  gas  and  water  mains  and  electric  cables 
under  the  roadway.  The  roadway  at  middle  of  river  will  be  34 
feet  above  high  water,  and  about  three  feet  lower  at  the  abut- 
ments. The  contract  price,  exclusive  of  engineering,  etc.,  is 
$271,000.  The  work  has  been  delayed  by  causes  incidental  to  city 
operations,  but  is  expected  to  be  completed  before  the  close  of 
next  autumn." 

A  bridge  of  iron  and  steel  to  cross  Harlem  River  at  Tenth 
Avenue,  New  York  City,  has  been  determined  upon  and  the  con- 
tract given  out.  It  is  to  be  completed  ready  for  traflSc  by  July, 
1888.  The  central  span  will  swing,  to  allow  masted  vessels  to 
pass.  Its  length  will  be  508  feet,  width  80  feet,  of  which  50  will 
be  carriage  way,  and  15  on  each  side  will  be  footways. 

Hawksbury  Bridge  is  in  the  line  of  the  Southern  and  Northern 
Junction  Railway  of  New  South  Wales,  a  first-class  double  track 
road,  which  runs  from  Sidney  to  Newcastle,  the  two  principal 
business  centres  of  the  Island,  and  it  crosses  the  Hawksbury  River 
at  a  point  where  its  width  is  such  as  to  require  a  total  distance  of 
nearly  2900  feet  between  the  abutments.  The  conditions  stipu- 
lated that  the  clear  headway  above  the  water  should  be  40  feet, 
that  the  superstructure  should  be  of  steel,  and  that  the  piers  should 
be  based  at  a  prescribed  depth,  which,  for  some,  is  170  feet  below 
water  level.  Fourteen  bids  were  received,  and  their  amounts 
varied  from  $1,481,750  to  $3,511,920,  and  the  times  for  completion 
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from  two  to  four  years.  The  contract  was  given  to  the  Union 
Bridge  Company  of  New  York,  upon  the  approval  of  a  Committee 
of  Engineers  appointed  to  select  the  best  design,  and  by  Sir  John 
Fowler,  the  consulting  Engineer  of  the  company,  who  decided  the 
Union  Bridge  Company's  proposal  to  be  the  most  economical,  and 
its  design  met  their  views  of  stability.  It  consists  of  seven  spans, 
each  415  feet  long,  of  a  truss  through  bridge  supported  by  caissons 
24  by  52  feet,  rising  to  the  water  line,  and  by  columns  40  feet  in 
height  to  the  bridge  floor. 

Forth  Bridge.  In  the  fourteenth  quarterly  report  of  inspection, 
the  engineers  say:  "The  works  have  made  rapid  progress  during 
the  last  three  months,  and  we  have  every  reason  for  continuing 
to  be  satisfied  with  the  way  in  which  they  are  being  executed." 

A  project  is  under  consideration  for  tunnelling  the  Rocky 
Mountains  under  Gray's  Peak,  the  narrowest  part  of  the  backbone 
of  the  Continent.  The  length  of  the  tunnel  from  east  to  west,  at 
points  10,000  feet  above  sea-level,  will  be  25,000  feet,  and  its  use 
will  shorten  the  railway  distance  between  St.  Louis  and  San 
Francisco  about  300  miles. 

Since  the  completion  of  the  St.  Gothard  tunnel,  the  exports  from 
Germany,  Italy  and  Switzerland  have  nearly  doubled. 

There  is  a  probability  that  the  proposed  tunnel  under  the 
Straits  of  Messina  will  be  made,  to  join  the  railways  of  Southern 
Italy  with  those  of  Sicily  for  commercial  and  military  reasons. 
Its  cost  is  estimated  at  $14,200,000,  its  length  eight  and  a  half 
miles,  and  the  time  for  construction  from  four  and  a  half  to  six 
and  a  half  years.  It  will  be  500  feet  below  sea  level,  and  the 
entrances  are  to  be  reached  by  spiral  approaches. 

A  railway  tunnel  between  Denmark  and  Sweden  is  projected 
by  the  Governments  of  the  two  countries,  to  connect  the  cities 
of  Copenhagen  and  Malmo.  Its  length  will  be  about  seven  and 
a  half  miles,  and  the  cost  is  estimated  at  $6,000,000. 

Severn  Tunnel,  the  connecting  link  of  the  Great  Western  Rail- 
way system,  between  Gloucestershire  and  Monmouthshire  shores 
of  the  Severn  estuary,  has  been  opened  lately  for  passenger  traffic. 
It  was  commenced  in  March,  1873,  or  nearly  14  years  ago. 
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Panama  Canal. 

Of  this  gigantic  undertaking  the  published  statements  are  so 
conflicting  that  no  positive  idea  of  the  condition  of  the  work,  or 
the  time  of  its  completion,  can  be  entertained.  Its  advocates 
report  rapid  progress  of  the  excavation,  and  assert  that  the  time 
originally  set  for  its  opening  to  trade  will  not  be  exceeded.  On 
the  contrary  its  decriers  predict  a  disastrous  collapse  to  what  they 
term  a  doubtful  and  extravagant  enterprise.  M.  Rosseau,  who 
inspected  the  Canal  in  the  interest  of  the  French  Government, 
admits  that  its  success  depends  upon  contingencies  of  a  grave 
character,  whilst  a  technical  commission  has  expressed  its  con- 
viction that  the  obstacles  to  the  completion  of  the  work  can  be 
overcome.  No  doubt  the  Canal  will  be  finished  eventually.  So 
large  an  amount  of  money  has  been  expended  upon  it,  that  to 
avoid  a  financial  disaster  the  work  must  be  completed ;  if  not  by 
the  present  Company  it  will  be  by  some  other.  M.  de  Lesseps' 
report  on  the  Canal  shows  the  net  expenditures  from  the  com- 
mencement to  the  30th  day  of  June,  1886,  was  471,000,000  francs. 
The  amount  of  shares  and  bonds  is  712,000,000  francs,  leaving  a 
balance  of  241,000,000  francs  in  unpaid  instalments  on  shares  and 
bonds  and  other  assets.  The  Canal  Company  will  probably  issue 
a  further  loan. 

Manchester  Ship  Canal. 

The  contract  for  making  this  Canal,  which  was  fully  described 
in  the  last  address  delivered  before  you,  has  been  awarded  for  the 
sum  of  £5,750,000,  or  very  much  less  than  the  estimated  cost,  and 
its  construction  is  now  assured. 

The  Canal,  for  which  the  German  Bundesrath  approved  the 
bill,  will  connect  the  Baltic  with  the  North  Sea,  and  will  run  from 
the  mouth  of  the  river  Elbe  to  the  river  Eider,  and  along  that 
stream  to  Rendsburg,  thence  along  the  present  Eider  Canal  to  the 
Baltic  at  Maltneau.  Locks  will  be  required  at  the  ends  only. 
The  surface  width  will  be  185  feet ;  bottom  width  80  feet,  and 
depth  25  feet.  Its  capacity  will  be  sufficient  to  admit  the  passage 
of  the  German  ironclads. 

It  is  proposed  to  connect  the  Sea  of  Azof  with  the  Black  Sea 
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by  a  canal  of  65  feet  in  width  and  12  feet  in  depth.  By  its  use 
the  passage  from  sea  to  sea  will  be  shortened  about  one  hundred 
miles. 

In  the  line  of  municipal  engineering,  Water  Supply  is  for  many 
reasons  the  most  far-reaching  and  important.  One  of  the  largest 
plants  of  this  character  has  been  put  into  operation  lately  by  the 
Amsterdam  Water  Company,  at  Weesp.  The  supply  is  obtained 
from  the  river  Vecht,  an  outlet  of  the  Rhine  to  the  Zuyder  Zee, 
and  it  will  be  conveyed  through  a  48-in.  main  about  three  miles  to 
the  pumping  station,  which  is  equipped  with  ten  boilers  and  two 
pairs  of  beam  compound  engines,  moving  four  low  lift  and  four 
high  lift  plunger  and  bucket  pumps.  Each  low  lift  pump  has  a 
capacity  of  183,500  gallons  per  hour,  and  raises  the  water  into 
settling  reservoirs  of  18,000,000  gallons  capacity;  from  these  it 
passes  through  filter-beds  into  a  series  of  covered  reservoirs,  from 
which  it  is  taken  by  the  high  lift  pumps,  whose  capacity  is  161,- 
300  gallons  per  hour,  and  forced  into  stand-pipes  against  a  total 
head  of  230  feet.  There  is  a  double  system  of  delivery,  in  which 
one  set  of  mains,  24  in.  diameter  and  about  seven  miles  long,  is 
to  deliver  pure  water  to  domestic  users,  and  the  other  set  of  mains, 
27  in.  diameter,  is  to  deliver  river  water  for  manufacturers  and 
public  use.  There  will  be  about  120  miles  of  distributing  pipes, 
and  no  less  than  100  canals  must  be  passed  under  by  them. 

The  City  of  Genoa  proposes  to  build  water  works.  The  reser- 
.  voir  will  be  about  eight  miles  distant  from  the  city,  and  will  have 
a  capacity  of  150,000,000  gallons,  which  is  sufficient  for  30  days* 
consumption. 

Work  on  the  new  Glasgow  Water  Works  is  progressing  satis- 
feictorily.    When  completed  the  present  supply  will  be  doubled. 

In  the  United  States  the  inhabitants  of  small  towns  and  vil- 
lages are  becoming  aware  of  the  important  bearing  an  abundant 
supply  of  pure  water  has  upon  health,  and  over  two  hundred  and 
fifty  plants  of  water  supply  are  now  being  constructed  in  various 
States.  In  our  own  city  the  most  pressing  need  is — more  and 
purer  water.  Recognizing  this  fact,  the  municipal  authorities 
adopted  the  recommendation  made  by  Col.  Wm.  Ludlow,  when 
Chief  Engineer  of  Philadelphia  City  Water  Works,  and  ordered 
a  survey  to  determine  the  best  source  of  supply.    This  was  made 
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by  Mr.  Rudolph  Hering,  Engineer  in  Charge,  and  a  corps  of 
assistants.  The  results  of  his  work  are  embodied  in  the  report  of 
Chief  Engineer  John  L.  Ogden  to  the  Water  Committee  of  City 
Councils.  The  survey  includes  an  area  of  446  square  miles,  in 
the  Counties  of  Bucks,  Montgomery  and  Lehigh.  The  report 
contains  a  comparison  of  several  water-sheds  as  to  their  physical 
and  sanitary  features,  the  maximum  qnd  minimum  amount  of 
rain-£all  upon  those  available,  situated  within  a  radius  of  150 
miles  from  the  city,  and  other  data  necessary  to  reach  a  conclu- 
sion. The  author  expresses  the  opinion  that  at  the  present  time 
the  most  economical  plan  is  the  "  Point  Pleasant  Scheme,"  which 
contemplates  the  conveyance  by  gravity  of  the  supply  of  90,000,000 
gallons  per  day  available  from  Tohickon  Creek,  and  the  pumping 
by  water  power  of  120,000,000  gallons  at  Point  Pleasant,  on  the 
Upper  Delaware  River,  thus  making  a  total  daily  supply  of  210,- 
000,000  gallons.  This  plan  includes  an  aqueduct  of  12  feet  diam- 
eter, which  it  is  proposed  shall  be  continued  eventually  up  the 
Lehigh  or  Delaware  rivers  to  impounding  reservoirs.  The  report 
shows  that  the  required  supply  for  the  city,  200,000,000  gallons 
daily,  cannot  be  had  from  any  one  source  except  the  Lehigh  or 
the  Delaware.  The  latter  river,  at  Point  Pleasant,  below  its  junc- 
tion with  the  former,  its  largest  tributary,  has  a  minimum  flow 
of  1,500,000,000  per  day.  It  is  unfortunate  that  the  lack  of 
funds  prevented  the  extension  of  the  survey  when  in  such  capable 
hands,  so  as  to  include  the  water-sheds  of  Monroe  and  Pike  Coun-- 
ties,  draining  into  the  Delaware  above  the  Water  Gap,  as  they  are 
in  a  mountainous  region,  sparsely  settled,  having  but  25  persons 
to  a  square  mile,  and  are  heavily  wooded.  The  general  conclu- 
sions of  the  Engineer  in  Charge  are,  in  his  own  language :  "  It 
"  required  but  little  thought  to  see  that  the  water  from  the  streams 
"  north  of  the  Blue  Mountains  would  be  the  best  available  in 
"  quality,  not  only  now  but  for  an  indefinite  future,  and  that  this 
"  region  would  therefore  have  to  be  the  ultimate  source  of  water 
"  supply  to  Philadelphia,  and  probably  also  for  other  cities  lying 
"  between  the  mountains  and  the  seaboard." 

In  this  connection  it  seems  proper  to  quote  the  findings  of  the 
Master  in  the  equity  suit  of  the  City  to  restrain  the  pollution  of 
the  Schuylkill  river,  our  present  main  source  of  supply :  "  The 
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"  statutes  against  pollution  and  the  stipulations  in  the  contract 
'^  with  the  Schuylkill  Navigation  Company  as  to  its  lessees  at  Flat 
"  Rock  are  explicit,  yet  because  their  enforcement  would  affect 
''injuriously  large  manufacturing  interests  they  have  become 
''  dead  laws.  So  long  as  the  City  itself,  by  reason  of  the  drainage 
"  of  its  sewers,  streets  and  properties,  continues  the  chief  offender 
"  against  the  law,  it  is  idle  to  expect  private  property  owners  to 
"  give  it  voluntary  obedience."  It  is  reasonably  expected  that  the 
intercepting  sewer  will  carry  off  the  impurities  discharged  into 
the  Schuylkill  from  its  left  bank,  including  Manayunk  and  Fair- 
mount.  The  following  description  of  the  sewer  and  its  present 
state  of  forwardness  is  due  to  the  courtesy  of  the  Chief  Engineer 
of  the  City : 

Manayunk  Intercepting  Sewer. 

"  During  the  year  1886  the  Manayunk  Intercepting  Sewer  has 
been  extended  from  Falls  Village  to  Manayunk,  a  distance  of 
11,787  feet,  19,271  having  been  previously  built,  $144,000  hav- 
ing been  expended  this  year.  The  average  cost  per  foot  has 
been  $13,  which  includes  an  expensive  stone  dam  across  the  Wis- 
sahickon  Creek,  through  which  the  sewer  is  carried,  and  flushing 
gates,  by  which  the  Wissahickon  water  can  be  thrown  into  the 
sewer  under  a  head  to  wash  it  out  thoroughly  when  required. 
The  total  expenditure  to  this  time  is  about  $400,000.  This  sewer 
is  part  of  a  system  which  is  intended  to  be  carried  along  the  east 
side  of  the  Schuylkill  river  to  its  mouth,  so  as  to  intercept  all  the 
city  sewage  now  flowing  into  the  Schuylkill  river  on  the  east 
side. 

From  the  Delaware  river  to  Fairmont  danx,  the  limit  of  tide 
water,  the  distance  is  40,000  feet,  and  from  there  to  the  Flat  Rock 
dam  above  Manayunk  is  39,000  feet. 

The  part  of  the  intercepting  sewer  now  being  constructed  ex- 
tends from  the  tidal  qtream  at  Fairmount  dam  to  Manayunk,  and 
is  projected  to  keep  the  liquid  filth  and  refuse  of  the  manufacto- 
ries at  Manayunk  and  sewage  from  the  drainage  area  from  con- 
taminating the  drinking  water  of  Fairmount  dam,  from  which 
the  city  water  supply  is  obtained. 

The  outlet  near  Fairmount  Water  Works  is  a  submerged 
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wrought-iron  pipe,  extending  to  the  centre  of  the  river.  The 
sewer  is  circular  4^  feet  in  diameter,  commencing  at  Fairmount 
Water  Works  at  an  elevation  of  seven  feet  above  ordinary  high 
tide,  and  running  with  an  uniform  grade  of  four  in  10,000,  or  2^V^ 
feet  per  mile  for  25,000  feet  to  Wissahickon  Creek.  From  Wissa- 
hickon  Creek  to  Manayunk  the  diameter  is  four  feet,  with  a  grade 
of  S-j^p.  feet  per  mile. 

It  is  then  carried  by  a  42-inch  iron  pipe  under  the  bed  of  the 
Schuylkill  Navigation  Compcmy's  canal,  where  the  bottom  eleva- 
tion of  the  sewer  is  20  feet  above  high  tide. 

A  branch  sewer,  running  up  the  Wissahickon  Creek  to  inter- 
cept the  sewage  from  the  western  part  of  Germantown  and  Chest- 
nut Hill,  is  being  built,  and  also  a  separate  systeni  at  the  Falls 
Village;  the  small  pipes  leading  into  the  intercepting  sewer,  and 
the  large  storm  water  conduits  into  the  river. 

The  sewer  is  smoothly  plastered  inside  with  Portland  cement, 
and  the  grade  is  sufficient  for  a  self-cleansing  velocity  of  three 
feet,  and  a  discharge  of  48  cubic  feet  per  second. 

Surveys  for  this  sewer  were  made  by  the  Commissioners  of 
Fairmount  Park  in  1869,  and  a  sewer  seven  feet  in  diameter  was 
suggested  at  an  estimated  cost  of  $1,200,000.  Although  the  press- 
ing necessity  for  the  sewer  was  constantly  urged,  the  financial 
reverses  of  1873  prevented  any  appropriations  being  made  until 
1883,  when  it  was  determined  to  appropriate  $100,000  per  annum 
to  this  work.  In  order  to  avoid  the  constant  expense  of  pumping 
and  to  carry  out  a  gravity  system,  a  very  light  grade  became 
necessary  for  a  great  distance  along  the  river  shore,  so  as  to  be 
low  enough  to  reach  the  factories  and  pass  under  the  canal. 

The  whole  drainage  area  involved  within  the  city  limits  is 
11,000  acres,  a  great  portion  of  which  is  very  high  and  hilly,  the 
summits  being  400  feet  above  tide,  and  the  hills  along  the  shore 
are  so  precipitous  that  there  are  only  850  acres  outside  of  Park 
limits  available  for  improvement  below  the  contour  of  100  feet 
above  high  tide. 

To  suffer  all  this  drainage  to  descend  rapidly  with  enormously 
excessive  grades  to  the  bottom  of  the  valleys,  thence  to  be  carried 
for  a  great  distance  at  the  lowest  admissible  grades,  is  injudicious; 
because  ten  times  the  amount  of  grade,  that  is,  20  feet  to  the  mile, 


PhihL,  1887,  VI,  2.]  Janes— Annual  Address.  98 

instead  of  two,  can  be  obtained  for  90  per  cent,  of  the  territory, 
and  a  sewer  of  given  capacity  and  cost  will  carry  twice  as  much 
sewage  under  the  higher  grade. 

Owing,  also,  to  the  difficulty  of  raising  sufficient  funds  to  com- 
plete the  work  at  an  early  day,  it  was  considered  more  economical 
and  prudent  to  build  the  sewer  of  sufficient  capacity  to  provide 
for  factory  drainage  and  sewage  for  the  growth  of  population  for 
fifteen  or  twenty  years,  after  which  time  higher  level  sewers  can 
be  built  to  carry  off  the  drainage  of  the  higher  territory,  leaving 
the  valley  sewer  entirely  for  the  manufacturing  territory  along 
the  river.  The  benefits  of  the  smaller  sewer  will  be  secured  in 
one-half  the  time,  at  one-half  the  cost;  another  sewer  of  the  same 
size,  with  a  heavy  grade,  will  do  the  service  of  one  of  double  the 
capacity,  as  originally  projected,  and  the  money  saved  thereby 
and  the  interest  accruing  will  save  to  the  city  a  fund  sufficient  for 
more  extensive  work. 

For  the  factories  and  sewage  adjacent  the  sewer  will  be  avail- 
able for  use  within  a  few  months." 

Railways. 

The  growth  of  many  American  cities  has  been  greatly  stimu- 
lated by  the  introduction  of  street  railways,  and  the  extension  of 
their  area  has  compelled  the  consideration  of  a  more  rapid  mode 
for  conveyance  of  passengers  to  the  business  centres  than  that 
obtained  from  animal  power.  The  first  advance  in  that  direction 
is  cable  haulage.  This  plan  was  put  into  successful  operation 
first  in  San  Francisco  several  years  ago,  upon  a  line  with  gradients 
so  steep  as  to  be  insurmountable  by  horses ;  and  afterwards  in 
Chicago,  St.  Louis  and  some  towns  of  smaller  size.  In  Phila- 
delphia the  Traction  Company  have  portions  of  their  lines  oper- 
ated by  cables  with  only  a  tolerable  measure  of  success;  but  it  is 
a  problem  yet  to  be  solved  whether  that  plan  of  moving  city  rail- 
way cars  over  level  streets  is  equal  or  superior  in  efficiency  and 
economy  to  that  of  animal  power.  Mr.  Sanson,  a  French  scientist, 
says :  "  On  a  comparison  of  animal  and  steam  power  it  is  found 
"that  in  France  the  former  is  the  cheaper.  In  the  conversion  of 
"chemical  to  mechanical  energy,  90  per  cent,  is  lost  in  the 
"machine,  and  68  per  cent,  in  the  animal."    On  the  Mount  Par- 
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nasse  and  Bastile  line  of  railway  he  found  the  cost  for  each  car 
to  be  57  francs  for  traction,  and  for  the  same  work  done  by  ani- 
mals the  cost  was  47  francs.  Where  the  conduits  are  level,  or 
ao  little  inclined  that  storm  water  and  street  dirt  falling  through 
the  slot  for  the  grip  arm  will  not  drain  to  points  accessible  for  its 
removal,  the  difficulty  of  cleaning  will  cause  an  expense  which 
must  be  incurred  to  avoid  clogging  of  the  cable-supporting 
sheaves,  even  if  the  offensive  odors  arising  from  the  decaying 
matter  be  disregarded.  The  slipping  of  the  cables  through  the 
grip  when  cars  are  slowing  down,  or  starting,  must  cause  rapid 
wear  upon  them.  Those  used  upon  the  San  Francisco  roads  are 
manufactured  in  the  railway  company's  own  works,  presumably 
in  the  best  manner,  and  their  life  is  from  eight  months  to  two 
years  only.  The  supporting  sheaves,  also,  will  wear  rapidly  where 
the  cables  rest  upon  them,  for,  as  their  circumferential  velocity 
cannot  equal  the  linear  velocity  of  the  cable,  abrasion  must  ensue. 
The  renewal  of  the  conduit,  when  rusted  out,  will  require  an  ex- 
penditure of  considerable  magnitude  and  a  cessation  of  travel,  or 
the  use  of  animals,  until  the  repairs  are  completed. 

Kansas  City  has  a  short  cable  railway  laid  in  one  of  its  prin- 
cipal streets,  having  very  steep  gradients.  It  is  upon  elevated 
ground,  and  no  doubt  the  conduit  can  be  kept  clean  by  flushing, 
so  that  there  one  source  of  trouble  can  be  avoided. 

Experiments  are  still  being  made  to  determine  the  practica- 
bility of  moving  city  railway  cars  by  electricity.  In  Philadelphia, 
New  York,  Brooklyn,  Scranton  and  several  other  towns  short 
test  lines  are  in  operation.  One  in  Minneapolis,  about  one  mile 
in  length,  is  equipped  with  a  motor  of  40  horse-power,  which 
draws  a  train  of  four  cars  carrying  600  persons,  and  which  has 
a  total  weight  of  91  tons,  in  about  nine  minutes,  including  stops, 
per  mile. 

The  Electric  Locomotive  and  Power  Company  of  London  have 
built  an  electric  locomotive  upon  the  system  of  Mr.  E.  P.  Elieson, 
in  which  the  armature  shaft  is  connected  to  the  driving  wheel 
axle  by  gears.  The  storage  batteries  have  a  capacity  sufficient 
for  a  run  of  six  hours'  duration. 

Whilst  upon  this  subject,  appropriate  mention  may  be  made 
of  further  tests  to  demonstrate  the  applicability  of  electricity  to 
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marine  propulsion  in  the  trial  of  the  "  Volta,"  a  steel  boat  of  31 
feet  in  length  and  6  feet  10  inches  beam.  The  propeller  is  20 
inches  diameter  and  11  inches  pitch,  mounted  on  a  shaft  which 
is  coupled  direct  to  the  armature  shaft  of  a  Duplex  Reckenzaun 
motor.  Its  revolutions  can  be  varied  at  will  from  600  to  1000 
per  minute,  and  the  vessel  moved  forwards  or  backwards  by  the 
movement  of  a  single  switch.  The  storage  cells  weigh  about 
two  tons.  A  voyage  was  made  from  Dover  to  Calais  and  back 
with  ten  persons  on  board.  More  time  was  consumed  than  de- 
sirable, but  in  other  respects  the  performance  was  satisfactory. 

The  New  York  District  Railway  Company  is  applying  for  per- 
mission to  lay  a  system  of  railways  under  Broadway.  Warned 
by  the  failures  of  its  predecessors  of  1868, 1873, 1881, 1884,  1885 
and  1886,  which  were  severally  vetoed  by  the  Governors  then  in 
oflSce,  the  present  applicant  has  given  some  consideration  to  the 
rights  of  the  property-holders  on  the  street,  and  does  not  intend 
to  encroach  upon  them.  The  present  scheme  contemplates  the 
excavation  of  Broadway  from  the  Bowling  Green  up  to  Union 
Square,  thence  to  Madison  Square,  where  it  diverges ;  one  branch 
following  Madison  Avenue  to  and  under  Harlem  River  until  a 
junction  is  made  with  the  suburban  railways  and  other  railways 
running  north  and  east.  The  other  branch  continues  in  the  line 
of  Broadway  to  Fifty-ninth  Street  and  to  Eighth  Avenue.  The 
method  of  construction  will  be  as  follows :  strong  walls  are  to  bound 
the  existing  vaults  now  under  the  footways  on  each  side,  about  44 
feet  apart,  the  entire  width  of  the  roadway.  Between  these  are 
to  be  six  galleries  formed  by  building  thin  partitions  of  a  special 
material.  Four  of  these  will  be  occupied  by  railways  and  two 
by  water  and  gas-pipes,  sewers  and  electric  wires.  The  founda- 
tions will  be  of  concrete  and  the  roof  of  buckle  plates,  supported 
on  beams  and  covered  with  asphalt  and  concrete.  The 
approaches  to  the  passenger  stations  will  be  from  the  side  streets 
by  stairways  of  gentle  inclination. 

The  Metropolitan  Railroad  Company  of  Philadelphia  has 
applied  to  Councils  for  permission  to  construct  an  underground 
railway  within  the  city  limits.  It  is  to  run  from  Upper  Darby 
to  Chelten  Hills,  and  a  cross-line  is  to  extent  from  Sixty-third  and 
Market  Streets  to  the  City  Hall,  where  it  branches  on  Broad  Street 
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north  to  City  Line  Road,  and  south  to  Government  Avenue. 
The  main  stem  makes  a  detour  to  pass  the  City  Hall  and  re-enters 
Market  Street '  and  continues  to  the  Delaware  River.  From 
Market  Street  several  branches  run  north,  north-west  and  south. 
Stations  will  be  located  at  convenient  points  and  will  be  reached 
by  stairways.  The  subways  will  be  15  feet  in  height  by  23  in 
width,  or  sufficient  for  double  tracks.  The  roof  will  be  supported 
by  the  walls  on  the  sides  and  by  a  row  of  iron  columns  in  the 
middle  carrying  brick  arches.  Electricity  will  be  used  as  a  motor 
and  for  illuminating.  It  is  stipulated  that  the  construction  of  the 
road  shall  not  interfere  with  street  travel.  Such  portions  of  the 
road  that  run  through  the  rural  districts  shall  be  open  cuts,  but 
they  are  to  be  covered  in  when  the  city  authorities  shall  so  direct. 
The  subway  roads  possess  advantages  over  the  elevated  roads,  as 
they  offer  no  obstruction  to  street  traffic,  cause  no  annoyance  by 
noise,  falling  cinders  or  smoke,  and  will  not  deteriorate  the  prop- 
erties on  their  route.  In  the  year  1885  the  six  Metropolitan  Under- 
ground Railways  in  London,  whose  population  at  that  time  was 
nearly  4,000,000,  carried  224,000,000  passengers,  or  over  55 
travelers  per  head  of  population. 

It  is  estimated  that  the  elevated  railways  of  New  York  City 
carried  175,000,000  passengers  during  the  last  year.  This  is  an 
increase  of  70,000,000  over  the  number  carried  in  1885.  The  re- 
duction in  fare  has  secured  an  increased  patronage  of  200,000 
passengers  per  day,  and  the  maximum  carrying  capacity  is 
nearly  reached. 

Congress  has  authorized  the  construction  of  18  vessels  for  our 
Navy,  with  their  hulls  entirely  of  metal.  Seven  of  the  ships  are  to 
be  armored,  the  heaviest  with  steel  of  16  inches  thickness.  Some 
of  them  will  be  protected  cruisers  with  lower  decks  of  steel, 
rounded  so  that  their  junction  with  the  sides  falls  below  the  water 
line,  thus  protecting  machinery  and  magazine  from  shot  and 
shell.  There  are  to  be  also  four  steel  cruisers,  two  gunboats  and 
some  torpedo  boats.  It  is  also  determined  to  complete  the  five 
armored  vessels  of  the  double  turret  Monitor  class  for  coast  and 
harbor  defense.  Should  occasion  require,  these  latter  can  be  sent 
to  sea,  their  seaworthiness  having  been  thoroughly  tested.  Of 
the  proposed  number,  contracts  have  been  made  for  one  cruiser 
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of  4,000  tons  displa'cement,  and  fitted  with  machinery  to  develop 
7,000  horse-power  minimum  and  8,000  maximum ;  one  cruiser 
of  3,700  tons  displacement,  and  machinery  of  6,000  horse-power 
minimum  and  7,000  maximum ;  one  gun-boat  of  1,700  tons  dis- 
placement, and  machinery  of  2,500  horse-power  minimum  and 
3,000  maximum ;  one  light  gunboat  of  870  tons  displacement, 
and  machinery  1,000  horse-power  minimum  and  1,100  maximum. 
By  the  terms  of  the  contract  the  sum  of  $100  will  be  added  or 
deducted  for  every  horse-power  developed  over  or  under  the 
maximum.  Should  the  horse-power  fall  below  the  minimum  the 
vessel  may  be  rejected.  It  will  be  noticed  that  the  required  horse- 
power is  unusually  high,  but  it  is  of  the  first  importance  that 
speed  shall  be  assured.  A  stipulation  of  the  contract  requires  all 
the  material  to  be  of  native  production.  At  present  we  have  no 
forges  equipped  with  tools  of  sufficient  capacity  to  make  the 
armor-plates,  guns  or  shafts  for  the  larger  ships,  simply  because 
there  has  been  no  market.  Should  a  constant  demand  arise  for 
such  products  it  can  be  met,  for  our  materials  and  workmen  are 
of  the  best,  our  manufacturers  of  iron  and  steel  are  enterprising, 
and  if  they  were  reasonably  sure  of  a  continuance  of  orders,  no 
doubt  plants  commensurate  with  the  requirements  would  be  put 
down. 

The  contest  between  armor  and  guns  appears  to  have  resulted 
in  favor  of  the  latter.  When  guns  are  made  of  119  tons  weight, 
capable  of  throwing  solid  shot  of  2,300  pounds  with  a  muzzle 
energy  of  50,324  foot  tons,  it  becomes  doubtful  whether  a  ship  of 
the  ordinary  type,  standing  high  from  the  water-line,  can  be 
armored  so  heavily  as  to  resist  penetration,  and  yet  be  seaworthy 
and  manageable.  The  partial  or  total  failures  of  several  Euro- 
pean, as  well  as  of  our  own  war  vessels,  in  some  essential  feature 
has  warned  us  to  go  "  slowly  and  surely ; "  and,  as  our  need  for  a 
navy  is  not  so  pressing  as  it  is  for  those  countries  who  are  either 
at  war  or  preparing  for  it,  or  who  have  distant  colonies  to  protect, 
we  could  afford  to  wait  for  the  development  of  the  best  types  re- 
sulting from  the  experiences  of  other  countries.  These  now  seem 
to  be  torpedo  boats — the  sharp-shooters  of  the  sea — comparatively 
insignificant  in  size  and  cost,  but  terrible  in  their  destructive 
effects,  from  which  there  is  no  other  avoidance  than  flight.     Or^ 
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the  cruiser  of  high  speed,  armed  with  guns  of  long  range  and 
able  to  choose  her  position ;  to  overtake  or  to  retreat  from  an 
enemy.  Perhaps  the  dynamite  gun  cruiser  now  building  may 
prove  to  be  one  of  the  highest  order  of  war  vessels.  Should  it  be  so, 
we  may  claim  to  have  contributed  to  the  science  of  naval  warfare 
three  means: — ^The  Torpedo,  the  Turretted  Monitor  and  the 
Dynamite  Gun  Cruiser.  May  they  nevermore  have  other  than 
experimental  tests. 

Congress  at  the  last  session  appropriated  the  large  sum  of 
$14,000,000  for  the  improvement  of  our  harbors  and  rivers,  the 
expenditures  to  be  mainly  for  the  construction  of  jetties  and  the 
preservation  of  existing  works.  Of  this  sum  about  three  and 
a-half  millions  are  for  the  Mississippi  River,  and  800,000  for  the 
harbor  of  New  York. 

An  eminent  writer  on  political  economy  has  said,  "  Everything 
of  value  comes  out  of  the  ground."  As  food  products  necessarily 
are  of  the  first  importance,  the  second  place  must  be  given  to 
those  metals  and  minerals  which  are  most  urgently  needed  in  the 
arts.  By  the  report  of  the  United  States  Geological  Survey,  which 
includes  the  years  1882  to  1885,  the  production  of  pig-iron  dimin- 
ished from  4,623,323  tons  in  1882,  to  4,044,525  tons  in  1885.  This 
quantity  for  the  year  1886  was  increased  to  5,600,000  tons. 

The  production  of  copper  during  the  same  period  has  increased 
from  91,646,232  pounds  to  170,962,607  pounds,  or  76,306  tons. 
Of  this  metal  the  United  States  produces  more  them  any 
other  country.  The  next  in  order  is  Chili,  38,000  tons;  Spain 
and  Portugal  yield  46,000  tons;  Germany,  12,000  tons;  Aus- 
tralia, 11,000  tons  and  Japan,  2,000  tons.  Of  lead  the  United  States 
produced  in  1882, 132,890  short  tons,  which  quantity  was  dimin- 
ished to  129,412  tons  in  1885.  The  production  of  the  precious 
metals  in  1882  was,  gold,  1,572,186  Troy  oz.,  of  silver,  36,197,695 
Troy  oz.,  and  in  1885  the  production  of  gold  fell  to  1,538,176  Troy 
oz.,  whilst  silver  increased  to  39,910,279  Troy  oz.  Of  the  minerals, 
bituminous  coal  leads  in  quantity.  The  amount  mined  in  1882 
was  60,861,190  tons,  which  in  1884  increased  to  77,417,066  tons, 
and  in  1885  fell  to  64,840,668  tons.  Of  anthracite,  the  quantity 
mined  in  1882  was  31 ,358,264  tons,  which  was  increased  in  1885 
to  34,228,548  tons. 
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Petroleum  from  30,053,500  bbls.  in  1882  fell  to  21,842,041 
bbls.  in  1885,  a  falling  off  due  to  the  lessened  quantity  exported 
to  Europe,  where  the  demand  is  largely  supplied  from  the  oil 
region  of  Southern  Russia,  in  which  it  is  reported  that  one  well 
is  spouting  2,750,000  gallons  per  day  to  a  height  of  224  feet. 

South  Carolina  phosphate  rock  shows  a  steady  increase  of 
production  from  332,079  tons  in  1882  to  437,500  tons  in  1885. 
Of  the  less  important  products  of  the  mines,  some  have  increased 
whilst  others  have  diminished.  Of  the  emission  of  natural  gas 
no  quantities  are  or  can  be  given,  but  its  value  in  1882  is 
stated  at  $215,000,  which  increased  rapidly  to  $4,854,000  in  1885. 
It  is  assumed  that  the  values  named  are  based  upon  the  rentals 
paid  by  users  for  quantities  consumed,  but  it  is  evident  from 
published  accounts  much  more  is  uselessly  than  usefully  burned, 
or  permitted  to  escape  free  into  the  air.  A  notable  verification  of 
the  adage,  "Great  abundance  is  the  parent  of  waste." 

In  the  United  Kingdom  of  Great  Britain  the  production  of 
pig-iron  during  the  first  six  months  of  1886  amounted  to 
3,536,774  tons,  which  does  not  equal  that  for  the  corresponding 
period  of  1885  by  270,321  tons,  and  the  consumption  fell  off 
367,813  tons. 

There  is  nothing  which  more  distinctly  emphasizes  the  utili- 
tarian spirit  of  the  age  and  its  disregard  of  sentiment  than  the 
scheme  to  use  as  a  motor  the  waters  of  Niagara  Falls — one  of 
the  grandest  and  most  stupendous  natural  objects  in  the  world. 
For  this  purpose  a  company  has  been  organized  to  build  a 
tunnel  for  the  conveyance  of  the  water  from  a  point  about  one 
mile  up  the  river  from  the  crest. of  the  fall  to  the  water-level  at 
the  foot.  Enough  land  along  the  line  of  the  tunnel  has  been 
secured  to  accommodate  over  two  hundred  mills,  sufficient  to 
absorb  119,000  horse-power,  the  estimated  capacity  of  the  tunnel. 

The  completion  of  the  bronze  statue  of  "  Liberty  Enlightening 
the  World,"  the  gift  of  the  French  people  to  the  people  of  the 
United  States,  erected  in  the  harbor  of  New  York  City,  and  its 
unveiling,  attended  with  impressive  civic  and  military  cere- 
monies upon  October  28th  last,  was  an  event  which,  though  not 
wholly  within  the  domain  of  Engineering,  should  by  no  means 
be  omitted  from  mention. 
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"  The  land  that  from  the  rale  of  King?^ 
In  freeing  U8,  itself  made  free. 
Our  Old  World's  Sister,  to  us  brings 
Her  sculptured  Dream  of  Liberty. 

The  colossal  height  of  the  statue — over  three  hundred  feet 
above  the  water,  and  its  weight  of  two  hundred  and  twenty-five 
tons,  requires  a  substructure  of  massive  proportions,  and  its 
exposed  position  upon  an  island  in  the  bay  demanded  that  the 
materials  composing  it  should  be  of  the  most  enduring  qualities. 
This  portion  of  the  work,  and  the  assembling  of  the  details  of  the 
figure  and  its  anchorage,  was  entrusted  to  an  accomplished 
engineer,  who  no  doubt,  time  will  prove,  has  well  performed  his 
task.  Let  us  indulge  in  the  fervent  hope  that  no  international 
or  elemental  disturbance  will  ever  come  to  endanger  the  perman- 
ency either  of  the  fraternal  feeling  existing  between  the  two 
Republics,  or  of  the  noble  gift  which  is  its  tangible  evidence, 
and  that  both  may  endure  "  until  time  shall  be  no  more." 

In  conclusion,  let  me  add  a  few  words  about  ourselves.  The 
growth  of  the  Club  has  been  steady,  and  beyond  that  usually 
found  in  one  of  its  years. 

Following  the  simile  of  an  honored  past  President  of  our  Club : 
the  "  infant "  has  survived  the  perils  that  beset  infancy,  passed 
through  the  period  of  adolescence,  and  now  has  "  taken  on  the 
garb  and  stature  of  a  man,"  standing  firmly  and  erect. 

Increased  strength  and  amplitude  can  be  assured  by  proper 
sustenance  ; — a  continuance  of  the  sound  work  done  in  the  past. 

The  papers  read  before  us  and  the  discussions  they  elicit  are  so 
interesting  and  instructive,  that  an  increase  in  their  number  is 
greatly  to  be  desired.  Our  quarters  are  attractive  and  comfortable, 
and  need  but  little  more  to  make  them  all  that  need  be  wished 
for;  their  central  location  and  facility  of  access  are  conditions  of 
especial  advantage.  They  are  so  commodious  that  many  more 
members  would  find  room.  These  good  qualities,  if  presented  to 
eligible  persons,  should  incline  them  to  join  us,  and  assist  in  ex- 
tending the  sphere  of  the  Club,  not  only  by  increasing  its  revenue, 
but  by  the  more  desirable  contributions  of  professional  matter. 
The  founders  of  our  Club  were  wise  in  not  restricting  its  member- 
ship to  those  who  cultivate  one  special  field  in  the  ever  widening 
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domain  of  Engineering ;  in  disregarding  the  dividing  lines  and 
inviting  free  intercourse  and  the  co-operation  of  all  in  the  ad- 
vancement of  the  general  knowledge  in  that  most  comprehensive 
science.  Thanking  you  for  the  uniform  courtesy  and  aid  you 
have  extended  to  me  in  the  performance  of  my  duties,  and  ex- 
pressing my  sincere  wish  for  the  continued  prosperity  of  the  Club, 
I  now  vacate  the  Chair  about  to  be  so  worthily  filled  by  my 
successor. 


OPENING  ADDRESS 

OP 

Thomas  M.  Cleemann,  President, 

On  Taking  the  Chaib  fob  1887. 
Presented  January  ^h,  1887. 

Gentlemen  : — I  thank  you  very  much  for  this  honor.  In  the 
discharge  of  my  duties  I  shall  endeavor  to  merit  the  confidence 
that  you  have  reposed  in  me,  and  I  trust  that  the  close  of  my 
administration  will  see  the  Club  in  an  even  more  prosperous 
condition  than  it  is  in  on  my  entering  it.  It  has  had  no  vicissi- 
tudes as  yet,  and  when  I  reflect  on  the  worthy  men  who  have 
preceded  me,  whose  portraits  look  down  upon  us,  how  their 
government  has  placed  us  where  we  are,  I  feel  some  diffidence  in 
following  them,  and  I  shall  perhaps  need  a  little  indulgence  from 
you  to  aid  me  in  keeping  up  our  high  previous  standard.  We 
have  been  distinguished,  I  think,  from  other  Engineering  Societies 
in  our  Active  Members  being  younger  men,  still  possessed  of  the 
enthusiasm  of  youth  in  their  profession.  This,  I  hope,  will  con- 
tinue. It  lies  with  you,  gentlemen,  to  keep  up  the  infusion  of 
new  blood,  and  each  should  do  his  part  toward  increasing  our 
membership  with  the  brightest  of  the  rising  young  men,  the 
coming  heroes  in  the  conquest  of  the  laws  of  nature  for  the  con- 
venience of  man. 

Let  us  now  proceed  to  business. 
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THE  DRAINAGE  AND  WATER  SUPPLY  OF  CHICAGO. 

By  BuDOLPH  Hebiko,  Active  Member  of  the  Club. 
Bead  Bceember  ^1k,  1886. 

The  City  of  Chicago  obtains  her  water  supply  from  Lake  Mich- 
igan. The  intake  is  two  miles  from  the  shore,  and  the  water 
brought  to  the  city  by  a  pair  of  tunnels,  five  and  seven  feet  in 
diameter,  driven  through  the  clay  which  underlies  the  lake. 
The  average  daily  consumption  as  recorded  for  the  last  year  was 
91,660,000  gallons,  the  supply  per  head  being  137  gallons.  Tho 
water  of  Lake  Michigan  is  generally  of  excellent  quality. 
Occasionally,  however,  it  is  rendered  undesirable  as  a  drinking 
supply  in  the  immediate  vicinity  of  the  intake,  from  two  causes. 
The  action  of  the  waves  during  stormy  weather  reaches  down 
nearly  sixty  feet,  somewhat  deeper  than  recorded  of  the  ocean, 
which  is  due  possibly  to  the  lighter  specific  gravity,  and  therefore 
greater  mobility  of  the  water.  The  clay  of  the  bottom  is,  in  con- 
sequence, disturbed,  and  the  water  is  made  roily,  which  more  or 
less  discolors  the  water  supply  to  the  city.  The  other  and  more 
important  cause  is  the  danger  of  an  occasional  sewage  pollution 
from  the  Chicago  River.  To  devise  the  best  means  of  guarding 
against  these  troubles  is  the  purpose  of  the  investigation  now 
being  made. 

The  city  is  at  present  well  supplied  with  good  sewers,  designed 
and  mostly  built  under  the  direction  of  the  late  Mr.  E.  S.  Ches- 
brough.  Nearly  all  the  sewage  is  discharged  into  the  main  river 
and  its  branches  which  run  through  the  city.  The  natural 
summerflow  of  these  streams  is  very  slight;  in  fact  it  becomes 
practically  nil.  The  sewage  would,  therefore,  gradually  replace 
their  water  and  tend  to  convert  them  into  huge  cesspools,  the 
contents  of  which  would  be  belched  into  the  lake  by  the  flood 
waters  carried  by  the  river  after  every  storm.  By  fortunate  topo- 
graphical conditions,  however,  this  state  of  things  has  not  become 
serious,  and  the  pollution  of  the  lower  river  and  the  lake  is  now 
but  rarely  noticeable.    About  ten  miles  west  of  Chicago  is  the 
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divide  between  the  Mississippi  River  and  the  great  lakes.  It  is 
only  about  ten  feet  above  Lake  Michigan,  and  is  crossed  by  the 
Illinois  and  Michigan  Canal,  the  lake  level  being  its  summit  level. 
Thirty  miles  west  it  begins  to  descend,  and  finally  reaches  the 
Illinois  River.  Into  this  canal  the  sewage  of  Chicago  is  discharged 
to-day,  and  finds  its  way  ultimately  into  the  Mississippi  River 
instead  of  into  the  lake. 

If  the  quantity  of  sewage  were  small,  that  is,  not  greater  than 
from  a  city  of  two  or  three  hundred  thousand  inhabitants,  this 
disposal  would  be  quite  satisfactory.  But  Chicago  is  growing  at 
a  remarkably  rapid  rate,  its  water  supply  is  large  per  head  of 
population,  and  the  quantity  of  sewage  is,  therefore,  so  great  that 
the  discharge  into  the  canal  causes  to-day  a  nuisance  for  many 
miles  below.  With  its  suburbs  Chicago  now  has  a  population  of 
over  eight  hundred  thousand.  Its  rate  of  growth  since  1880,  as 
determined  from  the  school  census  taken  every  two  years,  is  such 
that  it  will  overreach  Philadelphia  in  about  five  years,  and  then 
be  the  second  largest  aggregate  of  population  in  the  Union.  The 
unbounded  supply  of  good  water  at  its  side,  and  the  comparative 
economy  of  distributing  it,  produces  a  very  large  consumption, 
and  clearly  indicates  a  large  quantity  of  sewage  to  be  provided 
for  in  the  future. 

The  possible  ways  of  disposing  of  it  are  three: 

1.  Intercepting  sewers  may  collect  and  bring  it  to  certain  points 
from  where  it  may  be  pumped  through  conduits  several  miles 
out  into  the  lake,  delivering  as  far  from  the  intake  of  the  water 
supply  as  practicable. 

2.  After  collecting  the  sewage  at  some  point  south  of  the  city, 
it  can  be  pumped  to  some  sandy  areas  about  twenty  miles 
distant,  and  there  purified  by  irrigation  or  filtration  of  land. 

3.  A  larger  and  deeper  channel  can  be  excavated  to  replace  the 
present  Illinois  and  Michigan  Canal,  which  would  carry  enough 
water  to  sufiiciently  dilute  the  sewage  of  the  future  city,  and  dis- 
charge it  into  the  Illinois  River. 

In  order  to  determine  the  feasibility  of  discharging  the  sewage 
into  Lake  Michigan  in  a  manner  which  would  not  pollute  the 
water  supply,  a  hydrographic  study  was  made  of  the  same,  re- 
vealing a  number  of  interesting  facts,  such  as  these : 
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The  winds  and  barometric  pressure  produce  a  constant  oscil- 
lation of  the  surface,  and  at  times  a  swinging  motion  from  shore 
to  shore.  The  following  diagram  is  a  copy  of  the  record  of  the 
automatic  gauge  which  I  had  placed  at  the  mouth  of  the  Chicago 
River.  One  oscillation  is  distinctly  recognizable  as  lasting  about 
twenty  minutes,  which  is  the  swing  across  the  lake.  The  greatest 
of  these,  as  will  be  seen,  was  over  two  feet.  The  oscillations  are  rel- 
atively greatest  at  the  south  end  of  the  lake.  Several  spar  buoys 
were  anchored  at  suitable  points,  and  their  inclination  and  direc- 

Fluctuations  op  the  Water  Supply  of  Lake  Michigan, 

AS  RECORDED   BY   AN  AUTOMATIC  GaUGE,   CHICAGO,   IlL., 

August  16th,  1886. 


a  If  to  It  H   ij  R 


At  7' A.M.,  area  of  Low  Bar.  passed  over  Lake  Michigan  eastward  Ij  at  the  rate  of 
55  miles  per  hour.  At  3  p.m.  it  was  central  at  Buffalo.  The  wind  at  Chicago  was 
from  N.W.  in  the  morning,  shifting  to  S.W.  in  the  afternoon. 

tion  were  daily  observed  to  show  the  current  at  such  points.  A 
number  of  trips  were  made  across  the  lake,  which  is  60  miles 
wide  at  Chicago,  to  observe  the  currents  in  deep  water,  that  is,  in 
25  to  50  fathoms.  It  is  found  that  the  wind  is  the  prime  factor 
in  moving  the  water,  and  that  the  currents  are  generally  in  the 
direction  of  the  wind.  During  a  prolonged  gale  from  the  north 
it  happens  that  perhaps  the  entire  surface  moves  southerly,  with 
the  bottom  current  returning  to  the  north.  If  the  wind  should 
change  to  the  west,  the  surface  current  would  then  turn  to  about 
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northeast,  forming  a  resultant  between  the  wind  and  the  bottom 
current  until  equilibrium  takes  place.  West  winds  usually  lower 
Lake  Michigan  and  raise  Lake  Huron  several  inches,  and  east 
winds  vice  versa,  causing  strong  currents  in  the  Mackinaw  Straits 
during  the  time.  The  motion  of  the  water  in  the  lake  opposite 
Chicago  is  sometimes  not  inconsiderable.  Currents  of*  one  to 
two  feet  per  second  are  common. 

The  investigation  of  the  scheme  that  contemplates  a  sewage 
disposal  on  land  develops  some  formidable  figures.  The  future 
population  is  assumed  for  the  present  inquiry  as  2,500,000, 
and  the  water  supply  per  day  is  taken  at  850,000,000, 
gallons.  If  the  same  amount  of  water  is  turned  upon  one  acre  of 
land,  as  is  customary  in  England,  the  necessary  area  for  Chicago 
would  reach  over  eighty  square  miles.  If,  instead  of  broad  irri- 
gation, intermittent  filtration  be  made  the  basis  of  the  disposal, 
the  area  is  reduced  to  some  twenty  square  miles.  The  soil  for 
this  purpose  must  be  sandy,  thus  limiting  the  available  territory 
to  certain  strips  of  land  lying  about  twenty  miles  south  of  Chi- 
cago and  extending  into  the  State  of  Indiana.  Cabbages  and 
celery  are  the  most  profitable  crops  that  can  be  raised  on  sewage 
ferms.  Therefore,  besides  supplying  the  country  with  meat  from 
its  gigantic  slaughter  houses,  which,  with  the  cattle  sheds  and 
other  appendages,  occupy  about  one  square  mile,  Chicago  might 
then,  from  its  farm  of  about  twelve  thousand  acres,  supply  a  good 
share  of  the  country's  demand  for  these  vegetables. 

The  third  scheme,  by  which  the  sewage  would  be  turned  into 
the  Illinois  River,  means  practically  to  re-establish  the  ancient 
southern  outlet  of  Lake  Michigan,  and  to  pour  its  waters  again 
into  the  Mississippi  River,  where  they  went,  geologically  speak- 
ing, not  long  ago.  The  old  bed  of  the  outlet  stream  is  quite 
marked.  On  much  of  its  rocky  bed  scarcely  two  inches  of  soil 
have  been  able  to  form,  and  the  shores  of  the  ancient  river  stand 
for  many  miles  as  though  they  were  still  ready  to  again  guide 
the  stream.  About  eight  miles  of  limestone  rock  forms  the  bar- 
rier which  prevented  the  water  from  wearing  down  the  channel 
and  discharging  into  the  Mississippi  at  this  day.  The  softer 
rock  of  the  St.  Clair  River  gave  way  quicker,  and  lowered  Lakes 
Huron  and  Michigan,  so  that  the  old  southern  outlet  of  the  latter 
is  now  high  and  dry. 
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About  ten  miles  west  of  Chicago  the  Desplaines  River  descends 
from  the  north,  having  a  watershed  of  over  eight  hundred  square 
miles,  and  discharging  into  this  old  outlet  of  the  lake  at  a  place 
called  Summit,  divides  its  water.  A  part  flows  eastward  into  the 
Chicago  River  and  the  lake,  and  a  part  flows  westward,  keeping 
the  sanie  name  of  the  river  above,  until,  when  joining  the  Kan- 
kakee, it  forms  the  Illinois  River.  The  peculiarity  of  this  topo- 
graphy which  causes  a  river  to  split,  sending  a  part  of  its  water 
into  the  Gulf  of  Mexico  and  a  part  into  the  Gulf  of  St.  Lawrence, 
is  matched  by  the  peculiarity  of  the  river  bed  itself,  which  in 
summer  is  practically  dammed  up  by  grass  and  vegetation  west  of 
the  summit,  so  that  sometimes  all  of  the  water  goes  into  the 
Chicago  River,  and  which  in  winter,  on  account  of  ice  dams  east 
of  the  summit,  discharges  most  of  its  water  westward  into  the 
Illinois  River.  This  and  a  number  of  other  points  bring  many 
difficulties  into  the  problem. 

A  channel  which  would  so  dilute  the  sewage  that  no  offensive 
condition  could  occur,  requires  a  capacity  of  probably  10,000  cubic 
feet  per  sec,  in  other  words,  to  be  about  the  size  of  the  Chicago 
River.  It  would  have  to  be  excavated  for  over  twenty-eight 
miles,  eight  of  which  are  in  rock.  The  flood  waters  of  the  Des- 
plaines River  must  be  provided  for,  either  by  an  enlargement  of 
its  channel  or  by  an  interception  and  separate  discharge  into  the 
lake  north  of  the  city.  A  double  bifurcation  of  the  Chicago  River 
complicates  the  problem  of  constant  circulation,  which  is  a  first 
condition  if  sewage  is  discharged  into  them.  And  numerous 
minor  difficulties  arise  in  carrying  out  this  scheme. 

On  the  other  hand  great  benefits  would  appear,  independent  of 
the  question  of  sewage  disposal.  A  national  advantage  would  be 
secured  by  the  establishment  of  a  large  waterway  between  the 
Mississippi  River  and  the  lakes,  to  be  used  for  commercial  and 
military  purposes.  The  descent  of  so  large  a  body  of  water,  hav- 
ing a  constant  quantity  throughout  the  year,  establishing  a  water 
power  equal  to  perhaps  one  hundred  thousand  horse-power,  would 
greatly  aid  in  developing  the  manufactures  of  the  State. 

If  the  sewage  of  Chicago  is  absolutely  prevented  from  discharg- 
ing into  the  lake,  the  water  supply  question  becomes  compara- 
tively simple.    The  water  may  be  drawn  from  any  point  along  the 
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city  front  with  perfect  impunity.  Such  an  advantage,  together 
with  the  comparative  flatness  of  the  area  to  be  supplied,  and  the 
facility  of  driving  tunnels  through  the  clay  underlying  the  city 
and  the  lake,  allow  of  an  unusually  economical  distribution.  The 
area  could  be  divided  into  districts  of  almost  u  niform  size,  each  hav- 
ing a  pumping  station  and  a  tunnel,  and  calculation  will  readily 
determine  the  most  economical  size  of  such  an  area  for  a  given 
water  consumption  per  head  of  population,  a  treatment  which 
few,  if  any  other  cities,  could  receive,  from  the  absence  of  the 
above  peculiar  advantages. 
The  whole  investigation  will  be  completed  next  summer. 
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THE  GRANITE  QUARRIES  OF  CHESTER  COUNTY.  PENNA. 

By  J.  H.  Harden,  Active  Member  of  the  Club. 
Bead  December  ISthf  1886. 

Chester  County  has  become  noted  for  its  granite  (syenite), 
and  recently  three  separate  companies  have  been  organized  for 
the  development  of  quarries  in  Warwick  Township,  on  the  line 
of  the  St.  Peter's  Branch  of  the  Wilmington  and  Northern  R.  R., 
40  miles  direct  and  60  miles  by  rail  from  Philadelphia. 

An  examination  of  the  country  from  Springfield,  on  the  north- 
west boundary  of  the  county,  to  and  beyond  the  Falls  of  French 
Creek,  near  Pughtown,  a  distance  of  more  than  six  miles,  discloses 
large  boulders  of  syenite,  scattered  over  a  wide  extent  of  surface, 
culminating  at  certain  points  in  boulders  of  huge  dimensions 
with  the  appearance  of  the  solid  "  ledge  "  (outcrop)  from  which 
they  were  derived.  Between  Springfield  and  Joanna  the  same 
ledge  of  rocks  appear  in  the  railroad  (W.  &  N.)  cutting,  and  the 
St.  Peter's  Branch  to  the  iron  mines  at  Warwick  and  French 
Creek  traverses  a  line  parallel  to  the  outcrop. 

Adjacent  to  Warwick  village  and  the  ore  mine  of  the  same 
name,  we  find  the  Foxhill  Granite  Company  opening  a  quarry. 
At  the  time  of  my  visit  (October)  there  were  40  men  engaged 
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cutting  up  the  boulders  that  lie  scattered  over  the  surface 
in  all  directions,  requiring  only  plug  and  feathers  to  split  them 
to  shape  and  size,  developing  a  beautiful  gray  syenite,  fine  in 
grain,  uniform  in  color,  free  from  iron  or  mica,  and  splitting 
equally  well  in  any  direction.  A  siding  of  a  few  hundred  feet 
in  length  has  been  built  into  the  quarry  where  we  find  the  ledge 
has  been  developed,  although  at  the  present  and  for  some  time 
to  come  there  are  enough  boulders  to  give  employment  for  a 
strong  force' of  men. 

About  one  mile  northeast  we  come  to  the  Pennsylvania  Granite 
Company's  lands,  100  acres  in  extent,  connected  with  the  same 
branch  railroad.  Here  we  find  100  men  at  work  cutting  dimen- 
sion stone  and  paving  blocks  from  the  boulders  so  profusely 
scattered  over  the  property,  and  the  parent  ledge  has  been  finely 
developed  in  several  places,  giving  every  evidence  of  excellent 
stone  whenever  it  becomes  necessary  to  quarry  it. 

Half  a  mile  further  to  the  northeast  we  come  to  St.  Peter's 
Station,  the  terminus  of  the  railroad,  the  iron  ore  mine,  the 
Falls  of  French  Creek  and  the  French  Creek  Granite  Company's 
works.  The  place  has  some  local  reputation  as  a  summer  resort, 
an  hotel  stands  in  the  gap  formed  by  the  north  branch  of  French 
Creek  where  it  cuts  through  the  granite  outcrop.  On  the  rising 
ground  in  "front  of  the  hotel  are  some  of  the  very  largest  boulders 
to  be  found  in  the  district.  These  are  now  being  cut  up  by  the 
Granite  Company,  who  employ  about  one  hundred  men  on  work 
of  a  similar  character  to  that  last  described.  The  photographs 
shown  were  taken  by  my  brother  (E.  B.  Harden),  many  of  them 
before  any  work  had  been  done  at  the  quarry.  No.  II  shows  the 
face  of  the  quarry  a  few  months  after  beginning  work. 

At  any  of  these  quarries  there  should  be  no  difficulty  in  ob- 
taining the  largest  sized  stone  required  for  architectural  purposes, 
equal  to  the  old  established  quarries. 

Regarding  the  quality  of  this  granite,  Dr.  Charles  M.  Cresson, 
who  has  examined  and  reported  (No.  4,740)  thereon,  says  as 
follows : 

"  The  samples  of  this  granite  consisted  of  a  number  of  specimens  of  rough,  un- 
dressed stone,  and  of  a  bar,  and  of  several  cubes  for  ascertaining  the  resistance  of  the 
stone  to  crushing  strains,  also  of  a  specimen  of  poUshed  stone. 
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This  stone  is  a  syenite  of  fine  and  even  texture,  the  component  quartz  being  less  in 
amount  and  in  much  smaller  masses  than  in  the  Quincy  granite. 

The  so  called  Quincj  granite  (with  which  I  have  been  directed  to  compare  the 
French  Creek  stone)  is  also  a  syenite.  I  find  that  the  Quincj  granite  weighs  about 
167  pounds,  and  the  French  Creek  about  191  pounds  to  the  cubic  foot. 

In  the  "New  American  Cjclopeedia"  (Appleton)  it  is  stated  that  'Hhere  is  a 
granite  on  Staten  Island  which  has  been  largely  used  in  New  York  for  paving, 
which  is  remarkable  for  its  extreme  density,  a  cubic  foot  weighing  over  180  pounds.'' 
''This  difference  would  give  the  Staten  Island  Rock  a  decided  advantage  in  the  con- 
struction of  submarine  works,  like  break-waters,  requiring  great  stability.'' 

From  this  statement  it  is  evident,  therefore,  so  far  as  weight  is  concerned,  the 
French  Creek  stone  has  an  advantage  over  the  superior  Staten  Island  stone  for  sub- 
marine works. 

In  consequence  of  the  finer  grain  the  French  Creek  stone,  in  addition  to  greater 
density,  also  possesses  greater  toughness  and  resistance  to  wear  than  the  Quincy 
stone,  and  experimental  trials  con&rm  this  opinion. 

Mr.  John  C.  Trautwine,  in  his  tables  on  the  strength  of  materials,  gives  the  ultimate 
average  crushing  load  for  granites  and  syenites  at  300  to  1200  tons  per  square  foot. 
Trials  upon  somewhat  imperfectly  prepared  cnbes  of  the  French  Creek  stone  showed 
that  a  force  of  over  23,700  pounds  on  each  square  inch,  or  over  1500  tons  on  each 
square  foot,  was  necessary  to  crush  them.  With  cubes  carefully  prepared  with 
parallel  sides  and  plane  surfaces  a  much  greater  force  would  have  been  required  for 
the  purpose. 

Experimental  trials  by  chemical  means  of  the  ability  of  this  stone  to  resist  atmos- 
pheric influences  calculated  to  produce  disintegration,  show  that  the  French  Creek 
stone  is  at  least  fully  equal  to  the  Quincy  granite  in  that  respect. 

In  my  opinion  the  French  Creek  stone  is  a  tougher,  stronger  and  more  durable 
stone  than  the  Quincy  granite,  and  better  adapted  for  building  Sr  paving,  or  any 
other  purposes  to  which  the  Quincy  granite  is  applicable." 

No  better  evidence  of  the  value  of  Chester  County  granite 
should  be  required. 

At  all  three  quarries,  and  particularly  at  that  of  the  French 
Creek  Granite  Company,  there  is  a  large  quantity  of  waste  stone 
that  would  make  excellent  material  for  macadamizing  roads. 
The  Foxhill  and  Pennsylvania  Companies  owning  their  quarries 
are  working  all  they  can  get  from  a  given  amount  of  rough 
boulders;  while  the  French  Creek  Company,  working  on  a  royalty, 
are  less  careful,  casting  stone  that,  does  not  cut  to  the  best  ad- 
vantage to  the  waste  dump. 

While  there  are  only  three  organized  companies,  there  are  yet 
many  favorable  locations  for  opening  other  quarries,  and  we 
should  not  be  surprised  to  find  Chester  County  supplying  all  the 
paving  blocks  and  a  good  part  of  the  cut  granite  required  in  the 
City  of  Philadelphia  and  neighboring  towns. 
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These  rocks  (specimens  shown)  I  have  reason  to  believe  are 
not  confined  to  Chester  County.  On  the  maps  of  the  Second 
Geological  Survey  of  Pennsylvania  they  are  designated  "  trap," 
and  some  practical  men  have  denied  the  correctness  of  the  term. 

Other  samples,  believed  to  have  had  the  same  origin  but  dif- 
ferent in  composition,  accompany  these  notes. 
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STAND  PIPES. 

By  A.  H.  HowiiAND,  Active  Member  of  the  Club. 
Bead  December  ISeA,  1886. 

There  have  been  several  failures  of  stand-pipes  in  the  last  year, 
but  the  reasons  for  such  failures  are  easily  traceable,  and  have 
been  found  either  in  poor  materials,  workmanship,  or  both,  or 
in  faulty  design. 

The  best  form  for  stand-pipes  is  that  of  a  perfect  cylinder,  as 
it  presents  the  best  form  to  utilize  the  strength  of  the  metal  and 
resist  both  internal  and  external. pressures. 

As  the  object  to  be  attained,  in  using  most  stand-pipes,  is  to 
secure  the  largest  possible  amount  of  water  at  such  an  elevation 
as  will  make  it  available,  the  lower  parts  of  stand-pipes  are 
usually  of  but  little  use,  and  in  some  sections  of  the  country  it 
has  been  found  cheaper  to  place  a  tank  on  an  elevated  structure 
of  stone,  brick,  iron  or  wood. 

The  exact  height  at  which  it  is  best  to  stop  the  supporting 
structure  and  commence  the  tank  depends  entirely  on  the  cost  of 
the  particular  form  of  structure  in  the  location  desired.  I  have 
found  it  cheaper  in  some  instances  to  build  my  iron  cylinder 
from  the  ground,  and  in  others  to  substitute  some  supporting 
structure. 

The  thickness  of  material  used  in  the  sides  of  stand-pipes 

varies  with  the  proportions  of  the  pipe  and  the  quality  of 

material  to  be  obtained,  and  can  always  be  determined  by  the 

following  formula : 

R  X  H 


in  which. 


S  XP    X  -^  =  ^ 
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i2=radius,  in  inches. 

fl'=height  reduced  to  pounds  pressure. 

r=thickness. 

fif=theoretical  tensile  strength  of  material. 

P=per  cent,  of  strength  of  whole  sheet  in  riveted  joint. 

i^=factor  of  safety. 

The  latter  three  members  are  dependent  on  the  first  two  and 
the  material  available. 

It  is  now  possible  to  obtain  material  (iron  is  best  as  being  most 
uniform)  having  a  tensile  strength  of  50,000  pounds  per  square 
inch  of  section. 

By  recent  experiments  made  by  the  United  States  Government, 
it  has  been  determined  that  properly  proportioned  double  riveted 
seams  possess  75  per  cent,  of  the  strength  of  the  solid  sheet,  and 
single  riveted  ones  66  per  cent.  These  figures  can  be  taken  as 
the  values  of  P  in  these  two  cases. 

The  factor  of  safety  to  be  used  depends  upon  proportions  and 
situation. 

A  pipe  of  large  diameter  and  exposed  position  should  have  a 
larger  factor  than  one  of  smaller  diameter  and  in  a  protected 
location. 

It  is  never  safe  to  use  a  less  factor  than  3,  and  I  have  adopted 
4  as  a  standard  one  for  my  practice. 

Under  these  conditions,  according  to  the  formula,  a  stand-pipe 
25  feet  in  diameter  and  100  feet  high  should  have  a  thickness  of 
0.694  inches  at  the  bottom,  and  gradually  decrease  towards  the 
top. 

To  follow  out  the  formula,  literally,  for  stand-pipes  of  small 
height,  the  theoretical  thickness  would  be  reduced  below  prac- 
tical limits;  I  have,  therefore,  prepared  the  following  tables, 
in  which  the  first  column  gives  the  diameter  in  feet ;  the  second, 
the  capacity  in  U.  S.  gallons  per  foot  in  depth ;  the  third,  the 
minimum  thickness  for  the  top  of  the  stand-pipe ;  the  fourth,  the 
distance  from  the  top  it  is  safe  to  carry  the  minimum  thickness ; 
the  fifth,  the  distance  from  the  top  that  it  is  safe  to  single  rivet 
the  vertical  seams;  and  sixth,  the  thickness  to  add  to  the 
minimum  for  each  additional  five  feet  below  the  point  given  in 
column  four. 


112 


Hatoland — Stand  Pipes. 


[Proc.  Eng.  Clab, 


It  is  feasible  to  obtain  sheets  that  will  "  build  "  five  feet  each, 
and  I  have  so  assumed  in  these  tables. 

The  decimals  of  an  inch  can  be  transferred  into  the  nearest 
vulgar  fractions,  or  wire  gauge,  by  the  use  of  the  tables. 

Many  mills  are  now  rolling  sheets  by  decimals  rather  than 
any  other  standard. 

Stand  Pipes. 

Tensile  Strength  of  Material,  50,000  lbs,  per  sqware  inch.    Horizontal 

Seams  Single  Riveted.      Vertical  Seams  both  Single  and  Dovble 

Riveted.    Double  Riveted  Seams,  75  per  cent,  as  strong  as 

the  whole  sheet.    Single  Riveted  Seams,  66  per  cent,  as 

strong.   Factor  of  Safety,  4.  Each  Sheet  to  build  oft. 


Distance 

W  >       A 

Constant  to  add  to 

HlnlmQin 

from  top  to 

Distance 

mlnimam  thick- 

Diam. 

OallooB 

thicknesii 

carry 

from  top  to 

ness  for  each  5  ft. 

per  foot  ia 
depth. 

■  MM  M  %*  ^B  U  ^  ^  V 

for  top.     i 

■ 

minlmam 
thlckneas. 

carry  single 

rivets. 

below  dist.  glTen 
in  5th  column. 

Fbbt. 

1 

IVCHBS.      , 

Fbbt. 

Fbbt. 

• 

IVCHBS. 

5 

147.0 

0.1455 

105 

65 

.0069 

6 

211.5 

0.1494 

90 

65 

.0083 

7 

287.9 

0.1455 

75 

50 

.0097 

8 

376.0 

0.1554 

70 

45 

.0111 

9 

475.9 

0.1500 

60 

40 

.0125 

10 

587.5 

0.1525 

55 

35 

.0139 

12 

846.1 

0.1670 

60 

30 

.0167 

14 

1,151.5 

0.1940 

50 

30 

.0194 

15 

1,325.9 

0.2080 

50 

30 

.0208 

16 

1,504.0 

0.1989 

46 

26 

.0221 

18 

1,903.6 

0.2192 

40 

25 

.0249 

20 

2,350.0 

0.2218 

40 

25 

.0277 

22 

2,843.5 

0.2440 

40 

25 

.0305 

26 

3,672.0 

0.2425 

35 

20 

.0347 

27  i 

4,442.7 

0.2681 

35 

20 

.0383 

30 

5,304.0 

0.2496 

30 

20 

.0418 

33 

6,398,2 

0.2754 

30 

20 

.0459 

35 

7,197.0 

0.2917 

30 

15 

.0486 

40 

9,400.0 

0.3332 

30 

16 

.0655 

45 

11,897.0 

0.3127 

25 

10 

.0625 

60 

14,688.0 

0.3465 

26 

10 

.0693 

The  minimum  top  thicknesses  do  not  increase  uniformly  with 
the  diameters,  as  the  arbitrary  width  of  5  feet  in  the  sheets  brings 
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the  practical  point  of  change  first  above  and  then  below  the  theo* 
retical  point. 

From  the  foregoing  table  the  details  of  any  stand-pipe  can  be 
readily  determined  and  tabulated,  as  follows : 

Details  of  Stand-Pipb,  25  Febt  in  Diameter,  100  Feet  in 

Height. 


Number  of 
•heet 

Distance  from 

top  of  itand- 

pipe  to  bottom 

ofeheet. 

Tbioknees  of  eacb 
sbeet 

Capaeit7  ftom  top  of 

stand-pipe  to  bottom  of 

eaeb  sheet. 

Fm. 

IirOBBS. 

Oallovb. 

1  rf 

6 

0.2425 

18,860 

3| 

10 

0.2425 

36,720 

15 

0.2426 

55,080 

^x 

20 

0.2425 

73,440 

5  ^ 

25 

0.2425 

91,800 

6 

30 

0.2425 

101,160 

"^  i 

35 

0.2425 

128,620 

9  £ 

40 

0.2772 

146,880 

45 

0.3119 

165,240 

10  1 

50 

0.3466 

183,600 

111 

55 

0.3813 

201,960 

12^ 

60 

0.4160 

220,320 

13  « 

65 

0.4507 

238,680 

14  il 

70 

0.4854 

257,040 

15  , 

75 

0.5201 

275,400 

16? 

80 

0.5548 

293,760 

17  a 

85 

0.5895 

312,120 

18 

90 

0.6242 

330,480 

19 

95 

0.6589 

348,840 

20 

100 

0.6936 

367,200 

Weight  can  be  obtained  as  follows: — Figure  the  superficial 
area  of  the  stand-pipe  of  given  diameter  for  five  feet  in  height, 
multiply  this  by  the  weight  of  a  square  foot  of  metal  of  the 
thickness  of  each  ring,  add  them  all  together  and  to  the  weight 
of  the  bottom,  and  then  add  10  per  cent,  for  laps  and  rivets ;  this 
being  an  average  amount  for  this  class  of  work.  The  result  will 
be  the  weight  of  the  whole,  and  the  cost  can  be  approximated 
by  multiplying  this  weight  by  six  cents,  as  an  average  price  per 
pound  for  such  work  at  the  present  time. 

At  the  Fifteenth  Annual  Convention  of  the  Master  Mechanics' 

VOL.  VI.— 8. 


114  Howland — Stand  Pipes.  [Proc  £ng.  Gbib» 

Association,  held  at  International  Hotel,  Niagara  Falls,  June 
20th  to  24th,  1882,  Mr.  R.  H.  Briggs,  Master  Mechanic  of  the 
M.  &  0.  Railroad,  reported  for  the  Committee  on  Standard  Wire 
Gauge  that  it  was  their  opinion  that  all  fixed  gauges  and  num- 
bers should  be  abandoned,  and  the  Micrometer  Sheet  Metal  Gauge 
substituted  as  the  Master  Mechanics'  Standard  Wire  Gauge. 

By  the  use  of  this  gauge  thousandths  of  an  inch,  or  less,  can 
be  accurately  measured;  they  are  simple,  durable  and  easily 
used. 

The  report  was  unanimously  adopted,  and  hereafter  the  Master 
Mechanics  will  order  all  wire,  sheet  metals,  etc.,  by  known  thick- 
nesses of  fractions  of  an  inch,  instead  of  the  old  numbers  of 
"  Wire  Gauges." 

As  the  bottom,  when  properly  supported  by  the  foundation,  is 
subjected  to  none  but  compressive  strains,  its  thickness  need  be  no 
greater  than  can  be  thoroughly  riveted  and  caulked,  and,  in  case 
of  small  diameters,  need  not  exceed  one-eighth  of  an  inch,  while 
one-quarter  of  an  inch  is  sufiicient  for  the  largest  diameter.  In 
joining  the  bottom  to  the  sides  I  prefer  to  have  the  bottom  extend 
outside  of  the  sides  and  be  joined  thereto  with  an  angle  iron,  placed 
on  the  outside,  and  double  riveted  to  both  the  sides  and  bottom, 
as  shown  in  the  accompanying  drawing.  Fig.  1.  This  form  adds 
some  stability  to  the  structure  and  brings  both  the  edges  of  the 
angle  iron  outside  where  they  can  be  readily  caulked,  to  stop  any 
leaks  that  there  may  be.  The  only  objection  to  this  form  is,  that 
it  does  not  prevent  the  percolation  of  the  water  into  the  seam 
between  the  plates  and  around  the  rivets ;  but  this  should  be 
guarded  against  by  the  plentiful  use  of  cement  and  paint  on  the 
inside. 

In  riveting  the  sides  it  is  best  to  have  each  ring  conical,  so 
that  the  upper  edge,  which  is  the  most  natural  one  to  caulk,  shall 
come  on  the  inside  of  the  stand-pipe,  and  thus  prevent  the  water 
getting  at  the  inside  of  the  seam. 

In  stand-pipes  of  any  size  the  joints  should  be  thoroughly 
chipped  and  caulked  with  proper  setts.  Split  caulking,  as  it  is 
called,  is  not  suitable,  or  to  be  depended  upon  except  on  small 
light  work.  Rivets  should  be  large  and  thoroughly  headed 
down ;  what  is  commonly  called  "knock  down "  riveting  not 
being  sufficient  except  for  very  small  work. 
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The  foundations  of  stand-pipes  should,  of  course,  be  propor- 
tioned to  the  size  and  the  nature  of  the  material  on  which  they 
rest;  care  being  exercised  not  to  overload  the  same.  They 
should  be  of  sufficient  height  to  keep  the  bottom  side  plates 
above  the  surface  of  the  ground,  so  that  they  can  be  easily  got  at 
to  paint  and  caulk  in  case  of  leaks. 

The  top  of  the  foundation  should  be  level,  and,  when  the  bottom 
of  the  stand-pipe  is  lowered  on  to  it,  covered  with  some  plastic 
substance,  hydraulic  cement  or  asphaltum  being  the  best,  so  as 
to  insure  a  perfect  contact  between  itself  and  the  bottom.  After 
being  lowered  into  place  the  upper  edges  of  the  seams  of  the 
bottom  of  the  stand-pipe  should  be  thoroughly  caulked,  as  they 
are  liable  to  be  strained  and  opened  in  the  process  of  lowering. 
To  prevent  rust,  both  the  outer  and  inner  surfaces  of  the  stand- 
pipe  should  be  thoroughly  coated  with  red  lead  and  afterwards 
with  asphaltum,  mineral  or  lead  paint,  as  taste  or  circumstances 
may  determine,  and  this  paint  should  be  renewed  frequently,  in 
order  to  prevent  the  commencement  of  any  deleterious  action. 

Stand-pipes  of  small  diameters  and  extreme  height  will  need 
to  be  guyed,  and  sometimes  anchored,  to  prevent  overturning  in 
case  of  high  wind.  It  is  not  safe  to  build  any  stand-pipe,  and 
not  guy  or  otherwise  secure  it,  that  will  not  resist,  when  empty, 
the  effect  of  a  wind  having  a  velocity  of  50  miles  per  hour.  Of 
course  we  are  liable  to  have  in  all  parts  of  the  country  winds  of 
higher  velocity  than  this,  but  when  the  stand-pipe  is  filled  with 
water  it  will  have  much  greater  stability  and  the  chances  of  its 
overthrow  are  not  so  many. 

I  append  a  table  of  velocities  and  pressures  of  wind  to  aid  in 
calculating  the  resistance  of  any  given  stand-pipe.  Theoretically^ 
it  will  be  necessary  to  calculate  the  centre  of  stability  due  to  the 
varying  thicknesses  of  the  plates  between  the  top  and  the 
bottom,  but,  practically,  it  will  be  sufficient  to  call  the  centre  of 
both  pressure  and  stability  the  centre  of  the  vertical  central 
section  of  the  structure,  and  the  effect  of  the  pressure  upon  the 
cylinder  as  upon  9-16  of  this  central  vertical  section. 
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Table  of  Wind  Velocities  and  Pbessubes. 


Yalodtj  In  mllas 

yeloolt7  in  feet  per 

Preiinre  in  pounds  per 

per  hour. 

second. 

square  foot. 

1 

1.467 

.005 

2 

2.933 

.020 

3 

4.400 

.045 

4 

5.867 

.080 

5 

7.33 

.125 

10 

14.17 

.500 

12} 

18.33 

.781 

15 

22.00 

1.125 

20 

29.33 

2.000 

25 

36.67 

8.125 

30 

44.00 

4.50 

40 

58.67 

8.00 

50 

73.33 

12.50 

60 

88.00 

18.00 

80 

117.30 

32.00 

100 

146.70 

50.00 
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CONTROLLING  EXPANSION  IN  LOCOMOTIVES. 

By  W.  E.  Hall,  Active  Member  of  the  Club. 
Bead  January  22df  1887. 

It  is  rather  strange  that  more  attention  has  not  been  given  in 
locomotive  practice  to  the  means  employed  for  adjusting  the 
point  of  cut-off  of  steam  in  the  cylinder.  The  nature  of  the 
requirements  of  the  machine  in  this  case  are  much  different  from 
those  of  stationary  engines,  where  with  the  latter  a  governor  can 
be  used  to  maintain  a  constant  speed  irrespective  of  whatever 
variations  may  take  place  in  the  load.  With  locomotives,  how- 
ever, they  must  not  only  be  able  to  start  but  should  haul  heavy 
loads  against  varying  resistances  and  at  various  speeds,  all  with 
the  minimum  consumption  of  steam  and,  as  a  consequence,  fuel. 
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With  stationary  engines  constant  speed  is  obtained  in  two  ways, 
both  of  which  are  automatic.  The  one  is  where  the  variation  in 
the  load  is  accommodated  by  changing  the  point  of  cut-off  of  the 
steam,  and,  therefore,  the  grade  of  expansion,  while  the  initial 
pressure  remains  constant.  In  the  other  case,  a  constant  cut-off 
is  retained  for  all  loads,  but  the  initial  pressure  is  varied  by 
throttling  the  steam  before  it  enters  the  cylinder.  In  locomotive 
work,  the  engine  is  adjusted  for  full  gear,  ratio  of  expansion 
about  1.2,  until  the  train  is  well  started,  when  the  engine  is 
gradually  cut  back ;  that  is,  the  cut-off  earlier  and  expansion 
increased  until  the  desired  point  for  load,  speed  and  resistance 
is  obtained. 

The  mechanical  combination  at  present  used  on  locomotives 
for  the  purpose  of  varying  the  grade  of  expansion,  consisting  of  a 
rack,  reverse  lever  and  catch,  and  with  which  most  of  you  are 
more  or  less  familiar,  does  not  admit  of  a  sufficiently  close  adjust- 
ment in  the  point  of  cut-off  which  necessitates  throttling  the 
steam  more  or  less  to  obtain  the  proper  working  pressure.  The 
use  of  higher  steam  pressures  when  and  where  practicable  is 
becoming  more  extended,  and  the  economy  resulting  therefrom 
is  now  unquestioned.  In  stationary  engines  with  the  proper 
proportions  for  the  work  required,  it  will  be  noticed  that  with 
governors  used  to  throttle  the  steam  a  reduction  in  the  initial 
pressure  and  a  lower  grade  of  expansion  results,  which  is  at  once 
equivalent  to  a  lower  boiler  pressure,  while  with  governors  con- 
trolling the  speed  by  the  cut-off,  the  maximum  boiler  pressure  is 
utilized  and  the  steam  expanded  to  the  best  advantage.  The 
same  holds  good  with  locomotives ;  when  the  cut-off  cannot  be 
properly  adjusted  by  the  reverse  lever  the  throttle  is  brought 
into  play,  by  which  the  initial  pressure  is  reduced  and  a  conse- 
quent reduction  in  economic  performance. 

It  should  be  noted  that  when  the  cut-off  cannot  be  properly 
adjusted  two  losses  arise;  one  from  a  reduction  of  initial  pressure, 
and  the  second,  the  lower  grade  of  expansion  of  steam  by  the 
longer  admission. 

Referring  again  to  the  form  of  reversing  lever  and  rack  as  at 
present  used  on  locomotives.  As  the  proportions  of  lever  and 
other  parts  of  the  combination  do  not  differ  much  in  American 
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practice,  the  figures  which  follow,  taken  from  a  passenger  loco- 
motive, will  be  more  or  less  of  a  general  nature. 

It  has  been  found  necessary  for  strength,  when  using  a  catch 
with  single  tooth,  to  make  the  teeth  of  the  rack  not  less  than 
three-eighths  of  an  inch  thick,  which,  assuming  space  between 
notches  equal  to  width  of  a  notch,  allows  a  minimum  adjustment 
at  arc  of  three-fourths  of  an  inch.  In  the  engine  taken  this  would 
correspond  to  a  diflference  in  point  of  cut-off,  at  a  position  of  reverse 
lever  where  the  engines  are  generally  worked,  of  some  two  and 
one-half  inches.  When  the  work  required  of  the  engine  corre- 
sponds to  a  grade  of  expansion  which  falls  between  two  notches 
— or  two  such  corresponding  positions  of  the  reverse  lever — it  is 
necessary  to  use  the  stronger  one,  and  to  throttle  the  steam  to  a 
point  that  the  mean  pressure  will  be  sufficient  to  meet  the  work 
to  be  done  by  the  engine.  For  example,  let  us  suppose  the  case 
of  load,  speed,  etc.,  to  be  such  that  with  full  boiler  pressure  of 
140  pounds  per  square  inch,  the  cut-oflF  for  best  working  would 
be  at  lOJ  inches,  but  that  the  closest  heavier  notch  would  cut-oflF 
at  12  inches.  This  would  require  throttling  the  initial  pressure 
from  140  to  134  pounds,  and  their  volumes  at  the  respective 
pressures  and  cut-offs  (20  inches  diameter  of  cylinder)  would  be 
0.5841  and  0.672  pounds  of  steam,  and  the  total  heat  units  to 
convert  these  quantities  into  steam  of  these  pressures  from  32® 
Fahr.  would  be  694.82  and  808.82  respectively.  The  same  amount 
of  work  would  be  done  in  each  case,  as  the  mean  pressure  is  the 
same,  but  a  difference  of  114  heat  units,  or  a  theoretical  saving  of 
14  per  cent.,  would  result  from  the  use  of  the  higher  initial  pres- 
sure, earlier  cut-off  and  consequent  higher  grade  of  expansion. 
This  figure  is  somewhat  higher  than  should  be  expected  in  prac- 
tice, as  the  percentage  condensation  for  relative  volumes  during 
admission  would  be  greater  with  the  earlier  cut-off,  together  with 
other  reasons  of  a  practical  nature.  There  is  sufficient  to  show, 
however,  that  considerable  economy  would  result  if  the  work 
done  by  the  engine  could  be  wholly  controlled  by  the  ratio  of  ex- 
pansion, the  maximum  attainable  or  the  approximate  boiler  press- 
ure being  used  for  all  grades  of  the  same.  In  locomotive  engines 
the  proportions  and  requirements  are  such  that  the  highest 
grade  of  expansion  used  does  not  pass  the  economic  point,  so 
that  we  have  no  reason  to  fear  our  going  too  far  in  tliis  direction. 
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Briefly,  the  condition  of  this  subject  is  about  as  follows : — The 
early  and  present  English  practice  has  been  to  use  a  reverse 
lever  with  rack.  The  number  of  teeth  in  the  latter  was  somewhat 
limited  at  first,  but  increased  as  the  advantages  to  be  derived 
thereby  became  known.  The  American  practice  at  present  is 
about  the  same  as  the  English.  The  minimum  thickness  of  teeth 
in  the  rack  for  requisite  strength  has  been  found  to  be  three- 
eighths  of  an  inch,  which,  as  already  stated,  gives  a  minimum 
adjustment  of  lever  at  rack  of  three-fourths  of  an  inch,  causing  a 
variation  in  point  of  cut-off  of  two  and  one-half  inches  at  the 
position  where  it  is  most  desired  the  engine  should  be  closely 
worked.  Recently  this  matter  was  agitated  and  many  forms  of 
steam  and  hydraulic  reversing  gear  were  designed  and  constructed. 
Their  introduction  was  not  at  all  general,  but,  on  the  contrary, 
rather  limited,  until  from  several  years'  experience  with  them 
they  are  now  considered  unsatisfactory.  The  objections  that 
have  been  raised  to  the  power  reversing  gear  are  the  first  and 
maintenance  cost,  and  another,  which  is  even  more  serious,  that 
a  means  of  enabling  the  enginemen  to  know  the  general  working 
condition  of  the  distributing  mechanism  is  taken  away,  and  cases 
can  be  cited  where  damage  has  been  done  by  the  power  reversing 
gear  to  the  working  parts  of  the  link  motion  when  resistance 
existed  therein,  and  which  would  have  been  prevented  by  the 
use  of  the  lever  form.  It  will  also  be  noticed  that  there  is  less 
inducement  for  the  engineman  to  keep  the  parts  well  oiled  with 
the  power  than  with  the  lever  reversing  contrivance,  which 
affects  materially  the  wear  and  the  resistance  of  the  mechanism. 
The  rack  has  occasionally  been  replaced  by  a  screw  with  a  nut 
running  on  the  latter,  while  the  nut  is  connected  with  the  revers- 
ing lever.  With  this  arrangement  any  desired  point  of  cut-off 
can  be  obtained,  but  the  necessarily  slow  in  action  and  clumsy 
construction  which  it  requires  has  prevented  its  general  use. 
The  leverage  is  obtained  by  means  of  a  large  hand  wheel  attached 
to  one  end  of  the  screw. 

Some  time  ago  a  lever  with  double  catch  was  designed  by  the 
writer,  and  constructed  as  shown  in  sketches  A  and  B,  In  one 
case  the  number  of  teeth  in  the  rack  was  increased,  the  thickness 
of  which  was  reduced  from  three-eighths  of  an  inch  to  three-six- 
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teenths  of  an  inch,  for  the  purpose  of  obtaining  a  finer  adjost- 
ment.  A  trial  showed  that  the  finer  teeth  were  not  serviceable, 
and  even  the  general  design  at  its  best  only  half  accomplished 
the  point  desired,  and  was  for  this  reason  abandoned. 

The  construction  shown  in  sketches  C  and  D  was  then  designed, 
and  it  will  be  seen  that  while  retaining  the  desirable  features  of 
the  present  motion,  such  as  rapidity  in  handling,  etc.,  yet  allows 
the  lever  to  be  placed  in  any  of  the  possible  positions  within  the 
range  of  the  rack.  The  only  important  change  is  the  bolt  con- 
necting the  catch  with  the  lever.  This  bolt  is  made  movable, 
and  upon  part  of  its  surface  the  principle  of  the  inclined  plane 
as  applied — for  example,  in  the  form  of  an  eccentric  or  screw — 
and  by  the  motion  of  the  bolt  the  relative  position  of  catch  and 
lever  can  be  altered.  It  will,  therefore,  be  readily  seen  that 
if  the  bolt  is  so  constructed  as  to  give  a  throw  equal  to  the 
width  of  a  notch  and  a  space  between  them  that  the  lever  can  be 
placed  in  any  of  the  possible  positions  within  the  range  of  the 
rack.  The  location  of  the  catch,  whether  at  the  side,  in  front  of 
or  passing  through  the  lever,  is  simply  a  mattter  of  detail. 

In  considering  this  matter  more  fully  we  obtain  the  results 
shown  in  the  comparative  example  which  is  given  in  detail  on 
the  accompanying  lithograph. 

The  example  taken  gives  a  condition  somewhat  beyond  what 
would  be  the  average  for,  as  mentioned,  the  variation  in  the  cut- 
off with  a  difference  in  position  of  reverse  lever  of  one  notch 
corresponds,  when  lever  is  close  to  central  position  or  cut-back,  to 
some  two  and  one-half  inches.  The  average  gain  with  a  lever 
adjustable  for  any  point  would  be  one-half  of  this,  or  one  and 
one-fourth  inches.  As  the  example  taken  was  for  a  difference  of 
one  and  three-fourths  inches,  we  have  an  average  theoretical 
economy  of  10.57  per  cent.  We  do  not  attempt  to  assert  that  the 
use  of  such  a  contrivance  will  decrease  the  coal  bill  this  amount, 
but  it  is  claimed  that  at  times  when  the  advantages  to  be 
derived  from  this  construction  are  properly  utilized,  that  a  large 
part  of  the  above  figure  will  be  obtained.  The  experience  with 
the  double  latch  verifies  this  assertion. 
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CENTRIFUGAL  PUMPS  AT  MARE  ISLAND  NAVY  YARD. 

CALIFORNIA  * 

By  H.  R.  CoRNELiuSy  Active  Mem  W  of  the  Gub. 
Bead  January  Sth,  1887. 

In  December,  1883,  bids  were  asked  for  by  the  United  States 
Government  on  Pumping  Machinery,  to  remove  the  water  from 
a  Dry  Dock  for  vessels  of  large  size. 

The  dimensions  of  the  Dock,  which  is  situated  on  San  Pablo 
Bay,  directly  opposite  the  city  of  Vallejo,  are  as  follows : 

Five  hundred  and  twenty-nine  feet  wide  at  its  widest  part,  36 
feet  deep,  with  a  capacity  at  mean  tide  of  9,000,000  gallons. 

After-  receiving  the  contract,  several  diflTerent  sizes  of  pumps 
were  considered,  but  the  following  dimensions  were  finally 
chosen  :  Two  42-inch  Centrifugal  Pumps,  with  runner  66  inches 
in  diameter  and  discharge  pipes  42  inches,  each  driven  direct  by  a 
vertical  engine  with  28-inch  diameter  cylinder  and  24.inch 
stroke. 

These  were  completed  and  shipped  in  June,  1885,  on  nine  cars, 
constituting  a  special  train,  which  arrived  safely  at  its  destination 
in  the  short  space  of  two  weeks,  and  the  pumps  were  there  erected 
on  foundations  prepared  by  the  Government. 

From  the  "  Report  of  the  Chief  of  Bureau  of  Yards  and  Docks" 
I  quote  the  following  account  of  the  official  tests : 

"  The  Board  appointed  to  make  the  test  resolved  to  fill  the  dock  to  about  the  level 
that  would  attain  in  actual  service  with  a  naval  ship  of  second  rate  in  the  dock,  and 
the  tide  at  a  stage  which  would  give  the  minimum  pumping  necessary  to  free  the 
dock.  The  level  of  the  20th  altar  was  considered  as  the  proper  point,  and  the  water 
was  admitted  through  two  of  the  gates  of  the  caisson  until  this  level  was  reached ; 
they  were  then  closed.    The  contents  of  the  dock  at  this  point  is  5,d63|921  gallons. 

"  The  trial  was  commenced  and  continued  to  completion  without  any  interruption  in 
a  very  satisfactory  manner. 

"  In  the  separate  trials  had  of  each  pump  the  average  discharge  per  minute  was 
taken  of  the  whole  process,  and  there  was  a  singular  uniformity  throughout  with 
equal  piston  speed  of  the  engine. 

"  It  was  to  be  expected,  and  in  a  measure  realized,  that  during  the  first  moments  of 

*  Built  by  the  Southwark  Foundry  and  Machine  Company,  of  Philadelphia. 
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the  operations,  when  the  level  of  the  water  in  the  dock  was  above  the  centre  of  the 
runner  of  the  pumps,  that  the  discharge  would  be  proportioned  to  the  work  done, 
where  no  effort  was  necessary  to  maintain  a  free  and  full  flow  through  the  suction 
pipes,  but  as  the  level  passed  lower  and  farther  away  from  the  centre  there  was  no 
apparent  diminution  of  the  flow,  and  no  noticeable  addition  to  the  load  imposed  on 
the  engine.  The  variation  in  piston  speed,  noted  during  the  trial,  was  probably  due 
to  the  variation  of  the  boiler  pressure,  as  it  was  difficult  to  preserve  an  equal  pres- 
sure, as  it  rose  in  spite  of  great  care,  owing  to  the  powerful  draft  and  easy  steaming 
qualities  of  the  boilers. 

"  After  the  trial  of  the  second  pump  had  been  completed  the  dock  was  again  fiUed 
through  the  caisson,  and  as  both  pumps  were  to  be  tried,  the  water  was  admitted  to  a 
level  with  the  23d  altar,  containing  7,317,779  gallons,  which  was  seven  feet  above  the 
centre  of  the  pumps ;  this  was  in  favor  of  the  pumps  for  the  reasons  before  stated. 
In  this  case  all  the  boilers  were  used. 

**  Everything  moved  most  admirably,  and  the  performance  of  these  immense 
machines  were  almost  startling.  By  watching  the  water  in  the  dock  it  could  be  seen 
to  lower  bodily,  and  so  rapidly  that  it  could  be  detected  by  the  eye  without  reference 
to  any  fixed  point. 

"The  well  which  communicates  with  the  suction  tunnel  was  open,  and  the  water 
would  rise  and  fall,  full  of  rapid  swirls  and  eddies,  though  far  above  the  entrance  of 
these  tunnels.  Through  the  man-hole  in  the  discharge  culvert  the  issuance  from  the 
pipes  could  be  seen,  and  its  volume  was  beyond  conception.  It  flowed  rapidly  through 
the  culvert,  and  its  outfall  was  a  solid  prism  of  water,  the  full  size  of  the  tunnel,  pro- 
jecting far  into  the  river. 

"  During  a  pumping  period  of  55  minutes,  the  dock  had  been  emptied  from  the 
twenty-third  to  two  inches  above  the  sixth  altar,  containing  6,210,698  gallons,  an 
average  throughout  of  112,922  gallons  per  minute.  At  one  time,  when  the  revolutions 
were  increased  to  160  per  minute,  the  discharge  was  137,797  gallons  per  minute; 
this  is  almost  a  river,  and  is  hardly  conceivable.  After  the  pumps  were  stopped,  on 
this  occasion,  tests  were  made  with  each  in  succession  as  to  the  power  of  the  ejectors 
with  which  each  is  fitted  to  reohaige  the  pumps. 

''The  valves  in  the  discharge  pipe  were  closed  and  steam  admitted  to  the 
ejector,  the  pump  being  still  and  no  water  in  the  gauge  glass  on  the  pump  casing, 
which  must  be  full  before  the  pumps  will  work.  The  suction  pipe  of  the  ejector  is 
only  two  and  a-half  inches  in  diameter,  the  steam  pipe  one  inch  in  diameter.  To  fully 
charge  the  pumps  at  this  point  required  filling  the  pump  casing  and  the  suction  pipe 
containing  about  2,000  gallons ;  this  was  accomplished  in  four  minutes,  and  when  the 
gauge  glass  was  full  the  pump  operated  instantly  and  with  certainty,  discharging  its 
full  volume  of  water. 

"  I  went  on  several  occasions  down  in  the  valve-pits  on  the  ladder  of  the  casing, 
and  to  all  accessible  parts  while  in  mption  at  its  highest  speed,  and  there  was  no 
undue  vibration,  only  a  uniform  murmur  of  well-balanced  parts,  and  the  peculiar 
clash  of  water  against  the  sides  of  the  casing  as  its  velocity  was  checked  by  the  blank 
spaces  in  the  runner. 

"  The  pumps  are  noisy  while  at  work,  due  to  the  clashing  of  the  water  just  men- 
tioned, but  it  afibrds  a  means  of  detecting  any  faulty  arrangements  of  the  runner  or 
unequal  discharge  from  any  of  its  openings.     While  moving  at  a  uniform  speed,  this 
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daahing  has  a  tone  whose  pitch  corresponds  with  that  velocity  of  discharge,  and  if 
this  tone  is  lacking  in  quality,  or  at  all  confosed,  there  is  want  of  equality  of  discharge 
through  the  various  openings  of  the  runner.  To  this  part  I  gave  close  attention,  and 
there  was  nothing  that  the  ear  could  detect  to  indicate  aught  but  the  nicest  a^ust- 
ment.  The  bearings  of  the  runners  worked  with  great  smoothness,  and  did  not  become 
at  all  heated.  Through  a  simple,  novel  arrangement,  these  bearings  are  lubricated 
and  kept  cool.  There  is  a  constant  circulation  of  water  from  the  pumps  by  means  of 
a  small  pipe,  which  completes  a  circuit  to  an  annular  in  the  bearings  back  to  the  dis- 
charge pipe  while  the  pump  is  in  motion,  requiring  no  oil  and  making  it  seemingly 
impoflsible  to  heat  these  bearings. 

^  The  large  cast  steel  valves  placed  in  the  embouohement  of  the  casing,  it  was 
thought,  might  act  to  check  the  free  discharge,  and  arrangements  were  provided  for 
raising  and  keeping  them  open  by  a  long  lever  key  attached  to  their  axes  of  revolu- 
tion, but  to  our  great  surprise  the  first  gush  from  the  pumps  these  valves,  weighing 
nearly  1,600  pounds,  were  lifted  into  their  recessed  chambers,  giving  an  unobstructed 
opening  to  the  flow,  and  they  floated  on  its  surface  unsupported,  save  by  the  swiftly 
flowing  water,  without  a  movement,  while  the  pump  was  in  operation. 

**  The  steam-actuated  valves  in  the  suction  and  discharge  pipes  worked  very  well, 
and  the  water  cushion  gave  a  slow,  uniform  motion,  and  without  shock,  either  in 
opening  or  closing  them. 

''The  engines  worked  noiseleasly,  without  shock  or  labor.  At  no  tune  during  the 
trial  was  the  throttle  valve  open  more  than  three-eighths  of  an  inch. 

**  The  indicator  cards  taken  at  various  intervals  gave  796  horse-power,  anfl  the  revolu- 
tions did  not  exceed  160  at  any  time,  though  it  was  estimated  that  900  horse-power 
and  210  revolutions  would  be  necessary  to  attain  the  requisite  delivery ;  so  that  there 
is  a  large  reserve  of  power  available  at  any  time. 

"  The  erection  of  this  massive  machinery  has  been  admirably  done.  The  parts,  as 
sent  from  the  shops  of  the  contractor,  have  matched  in  all  cases  without  interference 
here ;  and,  when  lowered  into  place,  its  final  adjustment  was  then  made  without  the 
use  of  chisel  or  file,  and  has  never  been  touched  since. 

*'  The  joints  of  the  steam  and  water  connections  were  perfect,  and  the  method  of 
concentrating  all  valves,  waste  pipes,  and  important  movements  at  the  post  of  the 
engineer  in  charge,  gives  him  complete  control  of  the  whole  system  of  each  engine 
and  pump  without  leaving  his  place,  and  reduces  to  a  minimum  the  necessary  at- 
lendanoe.  All  the  parts  are  strong  and  of  excellent  design  and  workmanship ;  simple, 
and  without  ornamentation. 

"  Looking  down  upon  them  from  a  level  of  the  pump-house  gallery,  they  are  im- 
pressive and  massive  in  their  simplicity. 

"The  Gk)vemment  is  well  worthy  of  congratulation  in  possessing  the  largest 
pumping  machinery  of  this  type  and  of  the  greatest  capacity  in  the  world,  and  the 
oontxactors  have  reason  to  be  proud  of  their  work.'' 
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XVII. 


HYDRAULIC  DREDGING  MACHINES. 

By  CoiTWAT  B.  Hunt,  Active  Member  of  the  Club. 
Bead  Jcmuary  22d,  1887. 

It  is  proposed  to  refer  briefly  to  one  or  two  of  the  typical 
hydraulic  dredging  machines  that  have  been  devised  lately,  and 
to  describe  in  detail  an  example  that  is  at  present  in  successful 
operation  in  this  country.  The  principle  of  hydraulic  dredging, 
that  is,  the  mixing  of  dredged  material  with  water  and  then 
removing  it  either  by  suction  or  otherwise,  was  applied  to  various 
machines  constructed  by  English  engineers  as  early  as  1800.  A 
form  of  dredge  used  at  Chatham  Dockyards  had  a  telescopic 
up-cast  pipe  with  a  bell-shaped  foot,  beneath  which  revolved  an 
excavating  screw.  A  rotary  pump  created  a  partial  vacuum  in 
the  pipe  and  the  material  as  raised  was  deposited  in  lighters. 
This  description  is  typical  of  most  of  the  dredges  since  designed 
until  very  recent  years,  when  the  development  of  some  novel 
details,  mainly  the  results  of  American  inventions,  seems  to 
promise  a  successful  future  for  the  machine.  These  details  con- 
sist in  the  methods  proposed  for  excavating  the  material,  for 
mixing  it  uniformly  with  water  and  for  raising  and  discharging 
the  mixture. 

The  simplest  class  of  hydraulic  dredging  machines  is  typified 
by  the  "  Roy  Stone  "  dredge,  which  depends  upon  the  scouring 
and  transporting  action  of  a  jet  of  water.  A  heavy  stream 
from  a  powerful  pump  is  directed  through  a  flexible  pipe  against 
the  bottom  or  bank  to  be  removed,  and  rapidly  disintegrates  the 
material.  The  removal  of  the  detritus  may  be  left  to  tidal  or 
current  forces,  or  else  a  second  jet  of  water  may  be  directed  into 
the  lower  end  of  an  inclined  excavating  tube,  carrying  with 
it  the  material  torn  up  by  the  first  jet.  The  excavating  tube 
may  deliver  into  scows  or  otherwise. 

There  is  another  class  of  dredging  machines  which  are  charac- 
terized by  the  "  bucket-wheel  "  principle  on  which  their  excavat- 
ing apparatus  is  designed.  An  excellent  example  of  them  is  the 
so-called  "Bowers'  Dredge,"  a  machine  of  which  much  is  promised. 
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It  has  a  rotary  excavator  of  a  generally  cylindrical  shape,  pro- 
vided with  radiating  bottomless  buckets,  having  sharp  edges 
which  cut  into  the  material  and  deliver  it,  mixed  with  a  certain 
proportion  of  water,  through  the  buckets  to  the  interior  of  the 
excavator,  from  which  it  is  removed  by  suction.  The  general 
method  of  hydraulic  transportation  of  the  dredged  material  that 
is  provided  does  not  differ,  save  as  to  details,  from  that  of  the 
Von  Schmidt  system,  which  is  about  to  be  described  in  detail. 
Although  there  is  at  present  no  example  of  the  Bowers'  dredge 
in  existence,  yet  it  would  seem  that  the  principles  embodied  in 
its  general  design  are  those  from  which  excellent  practical  results 
may  be  expected. 

The  Von  Schmidt  system  of  hydraulic  dredging  has  stood  the 
test  of  actual  work,  and  is  at  present  in  successAil  operation  in 
two  localities  in  this  country.  Two  of  this  class  of  dredges  are 
at  present  engaged  on  the  improvement  of  the  Potomac  River,  at 
Washington,  D.  C,  a  work  of  large  proportions  that  is  being 
carried  out  by  the  United  States  Government,  on  the  general 
plan  of  deepening  the  channel  by  dredging  and  raising  the  bank 
on  the  city  front  by  depositing  the  dredged  material  thereon. 
Each  of  these  dredges  is  100  feet  long  and  50  feet  wide  and  con- 
tains two  engines,  one  to  run  the  centrifugal  pump  and  a  small 
auxiliary  one  to  work  the  excavator,  raise  and  shift  the  suction 
pipe,  move  the  dredges,  etc.  The  bow  of  the  dredge  is  a  semi- 
circle in  plan,  to  the  centre  of  which  is  pivoted  a  sector-shaped 
table  of  about  60  degrees  central  angle.  This  table  travels 
around  the  bow  of  the  boat  from  side  to  side  and  carries  the 
suction  pipe,  the  shaft  and  gearing  of  the  excavating  apparatus, 
and  the  posts,  stays,  etc.,  necessary  to  give  all  these  a  steady 
vertical  position.  At  the  foot  of  the  suction  pipe,  somewhat 
eccentric  therefrom,  there  is  a  conical  sheet-iron  bonnet,  eight 
feet  in  diameter  and  about  18  inches  pitch,  beneath  which 
revolves  the  plow  for  loosening  the  material.  This  plow  consists 
of  a  horizontal  circular  iron  frame  or  ring,  attached  by  radial 
arms  to  the  vertical  driving  shaft  which  runs  up  the  side  of  the 
suction  pipe.  To  this  frame  are  attached  the  plows  propqr, 
which  are  simply  heavy  knives  about  two  feet  in  length,  secured 
in  a  vertical  position,  points  downward.    There  are  in  addition 
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four  heavy  cutting  knives  fastened  to  the  circular  frame  by  plates 
that  lap  under  the  edge  of  the  bonnet  under  which  the  plows 
work  and  then  turn  upward,  so  that  these  knives  have  a  vertical 
position,  points  upward.  The  purpose  of  this  peculiar  arrange- 
ment is  to  cut  away  the  material  from  the  top  of  the  bonnet 
when  the  excavating  apparatus  becomes  by  any  means  too  deeply 
"  engaged."  The  suction  pipe  is  22  inches  in  diameter  and  is 
telescopic,  so  as  to  accommodate  its  length  to  the  various  depths 
of  water  in  which  the  dredge  works.  Its  lower  end  is  provided 
with  a  back-flow  valve  to  enable  the  pipe  to  be  filled  with  water 
from  above,  a  necessary  proceeding  previous  to  starting  the 
pump.  The  pump  is  a  centrifugal  one,  of  special  design.  The 
main  chamber,  in  which  the  wings  revolve  in  a  vertical  plane,  is 
eight  feet  in  diameter  and  22  inches  in  width.  Its  lower  half  is 
jacketed  by  an  outer  chamber  through  which  the  material  is 
taken  from  the  suction  pipe  at  the  rim,  and  admitted  to  the  pump 
at  the  centre  through  openings  in  the  sides  of  the  main  chamber. 
The  shaft  to  which  the  wings  are  attached  is  surrounded  by  a 
water  packing  at  its  entrance  to  the  pump  chamber^  to  prevent 
any  leaking  of  air  at  these  bearings  and  consequent  impairment 
of  the  vacuum.  The  wings  are  six  in  number,  and  their  radial 
direction  is  deflected  away  from  the  direction  of  their  revolu- 
tion. The  pump  is  geared  directly  to  the  engine,  which  is 
double,  with  cylinders  22  inches  in  diameter  and  24-inch  stroke. 
They  are  run  at  130  revolutions  per  minute,  with  a  steam  pres- 
sure of  90  pounds  at  the  boiler  and  cut  off  at  one-half  stroke, 
and  their  effective  horse-power  is  rated  at  200.  The  discharge 
pipe  leads  off  at  a  tangent  from  the  main  chamber  of  the 
pumps,  and,  after  leaving  the  dredge,  is  carried  to  the  shore  on 
pontoons  and  thence  to  the  point  of  discharge  along  the  surface 
of  the  ground.  It  is  of  sheet-iron,  20  inches  in  diameter,  and 
made  in  32-feet  and  16-feet  lengths,  the  longer  being  used  on  the 
portion  resting  on  pontoons  and  the  shorter  ones  on  the  shore 
section.  The  joint  connections  of  the  discharge  pipe  are  of 
rubber  hose,  two  and  one-half  feet  long  and  slightly  larger  than 
the  pipes,  over  the  ends  of  which  they  fit  tightly  and  are  secured 
by  iron  straps. 
The  general  operation  of  dredging  is  briefly  as  follows : — ^The 
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machine  being  secured  in  position  by  spuds,  the  suction  pipe  is 
lowered  to  the  bottom  to  be  dredged,  and  the  plows  and  pump 
are  started,  the  latter  being  first  "primed."  The  table  is  then 
swung  slowly  around  the  bow  of  the  boat,  the  plows  cutting  a 
nine-foot  swathe,  two  feet  deep,  and  the  shape  of  a  semi-circle  60 
feet  in  diameter,  all  the  spoils  being  carried  away  through  the 
suction  as  fast  as  dredged.  By  shifting  the  position  of  the  dredge 
or  lowering  the  suction  pipe,  any  desired  size  and  depth  of  cut 
is  obtained.  The  operator  is  guided  in  his  management  of  the 
excavating  apparatus  by  a  vacuum  gauge  attached  to  the  suction 
pipe,  which  serves  as  an  index  of  the  proportion  of  mud  or  other 
material  which  is  entering  the  suction.  As  the  plows  become 
too  deeply  engaged,  this  gauge  marks  a  more  perfect  vacuum, 
and  the  reverse  indicates  a  contrary  condition.  The  consequence 
of  admitting  too  large  a  proportion  of  solid  matter  to  the  suction 
is  the  clogging  of  the  discharge  pipe  by  the  deposit  of  the  surplus 
in  its  depressions  and  joints.  The  percentage  of  solid  matter, 
which  it  is  found  best  to  admit  to  the  suction,  varies  greatly 
according  to  the  nature  of  the  material.  In  dredging  mud  as 
high  as  40  per  cent,  has  been  averaged,  while  in  sand  the  per- 
centage is  much  less.  The  efficiency  of  the  dredge  in  hard 
material  is  noticeable,  but  it  is  not  an  economical  machine  for 
this  class  of  work,  on  account  of  the  large  amount  of  water  that 
must  be  moved  in  order  to  carry  the  material  through  the  pipes. 
The  record  of  three  Von  Schmidt  dredges  of  about  equal 
capacity  during  the  year  ending  June  30th,  1886,  and  covering 
a  working  period  equivalent  to  26J  months  of  a  single  dredge, 
shows  that  the  machinery  was  run  for  8,725  hours,  equivalent  to 
13.2  hours  per  day,  or  55  per  cent,  of  the  available  time.  No 
work  was  done  on  Sundays,  and  two  months  during  the  winter, 
during  which  no  operations  were  attempted,  are  omitted  from  the 
calculation.  The  remaining  45  per  cent,  of  the  available  time 
was  occupied  in  making  repairs,  in  cleaning  the  pipes,  in  moving 
the  dredges,  etc.,  or  were  lost  by  reason  of  winds,  currents,  ice,  etc. 
The  total  amount  of  material  excavated  and  deposited  on  shore 
was  1,527,000  cubic  yards,  an  average  of  175  cubic  yards  per 
working  hour,  2300  cubic  yards  per  average  working  day  of  13.2 
hours,  and  equal  to  4200  cubic  yards  per  fall  day  of  24  hours. 
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While  these  results  are  averages,  covering  long  periods  of  time, 
they  were  frequently  far ,  surpassed.    As  much  as  400  yards 
per  hour  has  been  dredged,  and  800  is  frequently  exceeded  and 
the  rate  maintained  for  a  number  of  hours.    Eight  thousand 
cubic  yards  in  22  hours  is  about  the  best  day's  work  recorded. 
It  is  to  be  noted  that  these  quantities  are  all  derived  from  cross- 
sections  of  the  river-bed  before  and  after  dredging,  and  are  con- 
sequently only  about  75  per  cent,  of  what  the  same  material 
would  amount  to  if  measured  in  scows.     The  material  was 
deposited  on  shore  through  pipe  varying  from  500  to  3500  feet  in 
length,  the  average  distance  being  about  1500  feet,  and  at  a 
height  of  discharge  of  from  six  to  ten  feet  above  the  water  level. 
The  work  was  done  under  contract  at  prices  of  12.87  cents,  15 
cents  and  15.45  cents  per  cubic  yard.    The  final  estimates  were 
specified  to  be  made  by  cross-sections  of  the  completed  fill  after 
it  had  become  solidified  and  compacted.    Before  any  material 
was  deposited,  a  section  of  the  river  flats  was  inclosed  by  an  em- 
bankment or  levee  about  eight  feet  high.    This  work  was  done  by 
means  of  dipper  dredges  or  their  equivalent,  and  within  this  in- 
closed space  the  semi-fluid  spoils  from  the  hydraulic  dredges  were 
discharged,  suitable  drains  and  sluices  being  provided  for  carrying 
oiBf  the  water.    Where  the  material  to  be  dredged  from  the  river 
was  too  far  removed  from  the  place  of  deposit  to  be  conveniently 
reached  by  the  hydraulic  process,  dipper  dredges  were  employed 
to  dredge  it  into  scows,  which  were  towed  to  and  unloaded  in 
front   of  the  hydraulic  machines,  and  the  material  was  then 
redredged  by  them  and  put  ashore.    These  facts  are  to  be  con- 
sidered in  connection   with  the    prices  named  above,    which 
included  all  such  items.    The  Von  Schmidt  dredge  is  not  yet 
perfected,  and  it  is  believed  that  its  eflSiciency  can  be  greatly  in- 
creased.   The  low  price  at  which  it  can  profitably  do  dredging 
of  the  general  class  embraced  in  River  and  Harbor  improve- 
ments, and  the  satisfactory  condition  as  to  grade  in  which  the  cut 
and  fill  are  left,  are  strong  points  in  favor  of  the  machine. 

It  may  be  noted,  in  conclusion,  that  the  general  requirements 
of  a  successful  hydraulic  dredge  would  seem  to  be,  first,  such  a 
plow  system  as  will  excavate  and  thoroughly  mix  with  water  the 
material  to  be  dredged  and  deliver  it  uniformly  to  the  suction; 
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second,  a  properly  designed  pump  of  suflBcient  power,  presum- 
ably centrifugal,  that  will  freely  pass  anything  that  can  enter  the 
suction,  driven  by  an  engine  fully  capable  of  developing  the 
pumps  best  duty ;  and  third,  a  general  system  of  suction  and 
discharge  pipe  which  shall  develop  the  least  practicable  frictional 
resistance,  especially  that  due  to  bends.  The  numerous  devices 
and  details  by  which  these  requirements  are  attainable  are,  and 
necessarily  will  be,  the  subjects  of  various  patents,  and,  as  a  con- 
sequence, their  most  eflScient  combination  may  be  long  deferred. 
The  large  number  of  machines  that  are  still  in  the  experimental 
stage  of  development  would  indicate  that  the  best  results  attain- 
able from  hydraulic  dredging  machines  have  not  as  yet  been 
accomplished. 
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APPROXIMATE  METRIC  EQUIVALENTS. 

Bj  Fbbd.  BBOOKa,  Civil  Engineer  Correspondent,  Jane  19th,  1886. 

This  table  shows  the  comparative  size  of  the  principal 
metric  and  old  units,  arranged  so  that  approximate  equiva- 
lents may  easily  be  absorbed  by  the  memory.  Three  lead- 
ing units,  of  length,  weight  and  bulk,  are  made  conspicu- 
ous each  as  nine-tenths  of  its  metric  analogue ;  and  the  true 
relations  among  the  old  units  are  adhered  to  as  far  as  prac- 
ticable in  the  approximate  equivalents,  so  that  one  equiva- 
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lent  may  be  aasociated  in  the  mind  with  another.  For  ex- 
ample, the  quart  being  0.9  of  a  cubic  decimeter,  the  cubic 
foot,  or  30  quarts,  is  30  X  0.9,  or  27  cubic  decimeters; 
again,  the  ounce,  or  weight  of  -n/tnr  cubic  foot  of  water,  is 
the  weight  of  27  cubic  centimeters  of  water,  or  27  grams. 
The  approximations  that  are  grouped  together  generally 
contain  the  same  percentage  of  inaccuracy.  Values  suffi- 
ciently accurate  for  business  purposes  are  added  in  paren- 
theses. 
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WEIGHTS  OF  CAST  IRON  WATER  PIPES. 

▲.  H.  HowLAVD,  Peeember  4th,  1886. 

The  following  table  shows  the  thicknesses,  weights  and 
strengths  of  such  pipes  as  we  have  adopted  for  standard 
use,  in  ordinary  cases.  The  smaller  pipes  are  heavier  than 
are,  theoretically,  necessary  for  most  places,  but  in  adopting 
a  standard,  one  was  taken  that  would  be  sufficient  for  the 
majority  of  places  met  with  in  practice. — A.  H.  Howlakd 
and  George  A.  Ellis. 
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ANNUAL  REPORT  OF  THE  SECRETARY  AND  TREASURER, 

Fob  ths  Fiboai.  Ykas  1886. 
PrttmOed  Jamiary  ith,  1887. 

To  the  Officers  and  Membere  of  the  Engineers'  Clvh  of  Philadelphia: 

Gentlbmkn  : — I  have  the  honor  to  present  tiie  following  state- 
ment of  the  receipts  and  expenditures  for  the  fiscal  year  from 
January  9th,  1886,  to  January  7th,  1887,  both  inclusive. 

Howard  Mvrphy,  Secretary  and  Treasurer,  in  aeeawnt  wUh 

The  Engineer^ ^  ClvJb  of  Philadelphia. 

Or. 

Balance  on  hand  Jan.  8th,  1886,        ....        (609  40 
Initiation  Fees,  Active,      ....         210  00 

"  "     Associate,  .        .        .        .     5  00      216  00 

Dues,  1881,  Resident 6  50 

"  1882         "                                                            50 

"  1883,'  Non-resident,   \        '.        \        .        ]     5  00 

«    1884,  Resident, 7  50 

"        "    Non-Resident, 10  00 

"    1885,  Resident, 67  £0 

"        "    Non-resident 29  52 

"  1886,  Resident,         ....        1391  25 

"        "    Non-resident, 505  00 

"        "    Associate, 37  50 

«    1887,  Resident, 450  00 

"        "    Non-resident, 142  27 

"        "    Associate, 37  50 

"    1888,  Resident, 50    2690  54 

Sales  of  Proceedings,  Authors,  ....         47 
"  "  Members.  .        .        .   41  93 

"  "  Non-members,         .        .    12  00        54  40 

Advertisements,  1882 12  00 

1883, 12  00 

1884, 36  00 

1885, 195  00 

1886, 318  00      573  00 

Key  deposits, 1  50 

Sundries,  38 

14144  22 
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Cr. 

Rent, 1000  00 

Gaa, 41  44 

Coal-oil  for  Janitor, 5  20 

Coal,  Small  Stove,       .        .        .        .    100  95 

Egg, 42  75 

Chestnut, 5  50  149  20 

Janitor, 223  33 

Ice, 21  90 

House  Expenses, 27  42 

Repairs, 2  32 

Christmas  present, 5  00    1475  81 

Salary,  Secretary  and  Treasurer,        .        .        1000  00 

"      Clerk, 43  33    1043  33 

Proceedings,  Vol.  V.,  No.  3,       .        .        .  307  55 

"      "    "    4,       .        .        .  210  83 

"      "    "    5,.       .        .        .  235  63 

"    VI., "    1,  on  account,    .  6  75      760  76 

Reference  Book, 9  75 

List  of  Members, 80  03 

Notices  and  Records  of  Meetings  and  Elections,        .  120  13 

Miscellaneous  Printing  and  Stationery,     ...  85  77 

Postage, 166  90 

City  Directories, 6  50 

Messenger,  telegraph  and  express  service,         .        .  1  29 

Key  deposits  returned, 2  75 

Law  suit  expenses, 23  49 

Sundries, 2  52 

BaUmoef  cash  on  hand,  January  70i,  1887,    .        .  365  19 

$4144  22 

The  following  are  the  closely  approximate  assets  of  the  Club, 
in  addition  to  its  library  and  furniture : 

Cash  Balance  Jan.  7th,  1887,         .        .        .        .        .  365  19 
Due  from  Members  to  end  of  fiscal  year  1886;  initiation 

fees  and  dues,      . 613  38 

Due  for  advertisements, 467  00 

"      Proceedings,  etc., 27  44 

♦1473  01 
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The  only  liabilities  of  the  Club  are  for  the  current  quarter's 
gas  bill,  which  has  not  been  rendered,  and  (1.75  for  a  wood-cut 
not  yet  finished.  Our  net  assets  are,  therefore,  about  $1,460. 
Subtracting  from  this  sum  the  advance  dues  received,  we  have  a 
balance  of  about  $830  belonging  to  the  fiscal  year  1886,  as 
compared  with  a  similar  balance  of  $728,  belonging  to  the  fiscal 
year  1885,  or  $102  increase  in  our  present  balance.  The  number 
of  the  Proceedings  now  in  preparation,  and  properly  belonging  to 
1886,  will  consume  a  portion  of  this  difference,  but  we  may, 
nevertheless,  feel  that  we  are  a  little  better  off  financially  than  we 
were  one  year  ago.  

MEETINGS. 

Regular, 12 

Business, 6 

Total, 18 

The  Board  of  Directors  have  held  but  three  business  meetings, 
the  regular  business  having  been  so  arranged  as  to  require  but 
little  detail  attention  by  the  Board. 

ATTENDANCE. 

1886.  1885. 

Members,  total,  479  712 

"        average,   .  27—  42— 

Visitors,  total,         .  20  46 

This  falling  off  in  attendance  is  such  as  may,  of  course,  be  ex- 
pected during  times,  like  the  past  year,  of  great  professional 
activity. 

Continuing  the  Membership  table  from  my  last  Report  (Vol.  V., 
No,  3,  p.  258),  we  have 

HON.  COB.  ACT.  ASSOC. 

Membership  at  end  of  fiscal  year  1885, .        3        5      423  8 

Additions, 41  1 

464 
Deceased, 4 

460 
Resignations,  etc., 9 

3        5      451  9 
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The  net  increase  of  Active  Membership  has  been  about  6^  per 
cent. 

The  residence  of  our  Active  Membership  is  now  as  follows : 


Philadelphia, 

224 

Minnesota,     . 

2 

Pennsylvania,  outside  of 

Vermont, 

Philadelphia, 

100 

Rhode  Island, 

New  York,    . 

32 

North  Carolina,    . 

New  Jersey,  . 

14 

Louisiana,     . 

Virginia, 

14 

Texas,   . 

Missouri, 

6 

Michigan, 

•         -f 

Colorado, 

6 

Indiana, 

Massachusetts, 

4 

Kentucky, 

Delaware, 

4 

Iowa,     . 

District  of  Columbia, 

4 

Idaho,   .        .        .        . 

Illinois, 

4 

Arizona, 

Connecticut,  . 

3 

U.  S.  Colombia,    • 

Ohio,     .... 

3 

Austria, 

Kansas, 

3 

Japan,   .        .        .        . 

Nebraska, 

3 

New  Zealand, 

Maryland, 

2 

Cuba,     •        •        •        , 

West  Virginia, 

2 

Georgia, 

2 

• 

451 

Alabama, 

2 

We  have,  therefore,  two  more  members  residing  without  than 
within  the  City  of  Philadelphia. 

We  have  lost  by  death  another  four  of  our  most  respected  Active 
Members :  Frank  S.  Brock,  Wm.  B.  Cooper,  E,  F.  Loiseau  and 
Joseph  B.  Wilson. 

The  following  Original  Papers  have  been  read  before  the  Club 
during  the  year : 

The  Greathead  System  of  Fire  Protection  and  the  Public  Supply 
of  Hydraulic  Power,  by  Howard  Constable. 

Harbor  Studies,  by  Prof.  L.  M.  Haupt. 

Railways  in  Japan,  by  Mataro  Crizuka. 
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The  Present  Situation  of  the  Interoceanic  Canal  Question,  by 
J.  Foster  Crowell. 

Some  Engineering  Features  of  the  Nicaragua  Ship  Canal,  by 
J.  Foster  Crowell. 

A  Practical  Test  to  Operate  a  Distant  Signal  by  a  Wire  Run 
Through  a  Pipe  Filled  with  Oil,  by  Wm.  H.  Dechant. 

The  Steel  Rail  Discussion,  by  F.  H.  Lewis. 

Discussion  of  Mr.  C.  W.  Buchholz's  Paper  on  "  Engineering ;  Its 
Achievements  and  Its  Reward,"  by  J.  S.  Elliott. 

Pressure  and  Composition  of  Natural  Gas,  by  Dr.  H.  M.  Chance. 

Notes  upon  the  Early  History  of  the  Employment  of  Water 
Power  for  Supplying  the  City  with  Water,  and  the  Building  and 
Re-building  of  the  Dam  at  Fairmount,  by  Frederic  Graff. 

Calorimetric  Tests  of  Boilers,  by  J.  E.  Codman. 

Taper  of  Steam  Jets,  by  G.  R.  Henderson. 

The  Movement  of  Ice  in  the  Delaware  River,  by  Captain  S.  C. 
McCorkle. 

Notes  on  the  Investigation  of  the  Movement  of  Freight  and 
Passengers  in  Cities,  by  Gratz  Mordecai. 

Photographic  Map  Reduction,  by  0.  B.  Harden. 

Horizontal  Turbines  at  Willimantic,  by  John  Graham,  Jr. 

A  Review  of  the  Freight  Brake  Trials,  by  W.  E.  Hall. 

A  Case  of  Low  Water  in  a  Steel  Boiler,  by  J.  E.  Codman. 

Early  Mining  Operations  in  Berks  and  Chester  Counties,  by 
J.  H.  Harden. 

Car  Lubrication,  by  W.  E.  Hall. 

Accidents  in  Anthracite  Mines,  by  Frank  A.  Hill. 

Efficiency  of  Locomotives  and  Resistance  of  Trains,  by  G.  R. 
Henderson. 

The  St.  Paul  Ice  Palace,  by  Herman  Haupt,  Jr. 

Analogies  between  Electrical  and  Mechanical  Units  and  Phe- 
nomena, by  Carl  Hering. 

Water  Pipes,  by  A.  H.  Howland. 

Present  Investigation  of  the  Drainage  and  Water  Supply  of 
Chicago,  by  Rudolph  Hering. 

The  Equilibrium  and  Stability  of  the  Floating  Current  Deflec- 
tors, Designed  for  Harbor  and  River  Improvements  (Supplement 
to  Harbor  Studies),  by  Prof.  L.  M.  Haupt, 
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Stand  Pipes,  by  A.  H.  Howland. 

Chester  Co.,  Penna.,  Granite  Quarries,  by  J.  H.  Harden. 

The  following  contributions  have  been  made  to  the  Club 
Reference  Book : 

Table  of  Sizes  of  Chimneys,  by  H.  K.  Lee. 

A  Table  of  Approximate  Metric  Equivalents,  by  Fred.  Brooks, 
C.  E.  (Correspondent). 

Table  of  Equivalents  of  Units  of  Energy  and  Equivalents  of 
Units  of  Weights  and  Measures,  by  Carl  Hering. 

A  Table  of  Millimetres  and  Equivalents  in  Inches,  by  Q.  R. 
Henderson. 

Thickness  of  Plates  for  Stand  Pipes,  with  Formulae,  by  Kenneth 
Allen. 

The  following  Mathematical  Questions  were  offered  by  T.  Earl 
Collins : 

Does  a  Locomotive  Piston  at  the  end  of  each  stroke,  in  revers- 
ing its  direction,  come  to  a  stand-still,  and  if  so,  can  the  same  be 
mathematically  demonstrated  ? 

Also,  would  a  difference  in  speed  affect  the  duration  of  its 
stationary  condition,  if  such  exists  ? 

Answer  by  A.  Marichah 

The  following  Notes  and  Communications  have  been  presented: 

A  Novel  Rubber  and  Steel  Spring,  by  Howard  Constable. 

Gas  Burners,  by  A.  R.  Cruse. 

Isthmian  Transits,  by  Prof.  J.  E.  Nourse  (Correspondent). 

The  Behavior  of  Water  in  a  Double  Siphon,  by  Dr.  H.  M. 
Chance. 

A  Rolling  Lock  Gate,  by  J.  Foster  Crowell. 

Baird's  Water  Distiller,  by  C.  W.  Pusey. 

New  Double  Lathes  for  Turning  Steel-Tired  Car  Wheels,  by 
W.  H.  Derbyshire  and  F.  W.  Gordon. 

Davis'  Self-Timing  Anemometer,  by  J.  H.  Harden. 

Atlantic  City  Drainage,  by  J.  F.  Wood. 

Intermittent  Syphons,  by  C.  G.  Darrach. 

Recent  Steam  Gauging  for  the  Future  Water  Supply  of  Phila- 
delphia, by  H.  W.  Sanborn. 
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Cornwall  Iron  Mines,  Lebanon  Co.,  Pa.,  by  E.  V.  d'Invilliers. 

Model  of  Same,  by  A.  E.  Lehman. 

A  Device  for  Closing  Frog  Throats  in  Railroad  Crossings,  by 
A.  R.  Roberts. 

First  Permanent  Tramway  in  America,  by  Dr.  R.  P.  Robins 
(Visitor). 

Designs  for  Dams  No.  3  and  4  on  the  Lehigh,  by  Prof.  L.  M. 
Haupt. 

Extracts  from  Mr.  H.  R.  Stoops'  Paper  on  the  Philadelphia 
Traction  Co.'s  Lines,  by  Prof.  L.  M.  Haupt. 

Notes  upon  Hon.  John  Bigelow's  Report  on  the  Panama  Canal, 
by  E.  S.  Hutchinson. 

Corrections  to  Nystrom's  Engineers'  Pocket-Book,  by  P.  D.  Ford. 

Construction  in  Earthquake  Countries,  by  Prof.  L.  M.  Haupt 

Corbett's  Improvements  in  Solar,  Mining  and  Engineers'  Tran- 
sits, by  Prof.  L.  M.  Haupt. 

A  New  Application  of  the  Dynamometer,  by  W.  E.  Lockwood 
(Visitor). 

EflSciency  of  Different  Forms  of  Boilers  now  in  use  by  Phila- 
delphia Water  Department,  by  J.  E.  Codman,  with  discussion  by 
Washington  Jones. 

Respectfully  submitted, 

Howard  Murphy,  Secretary  and  Treamrer, 
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CONTRIBUTIONS  TO  THE  LIBRARY. 

Fbom  Novembeb  IsT,  1886,  to  Afbil  8th,  1887. 


From  the   INSTITUTION  OF  CIVIL   ENGI- 
NBEB8,  London. 

Farrar— Oold-Fields  of  Soath  America. 

Thwaite^-Hellographj. 

Kennedy— The  Bilhao  Iron- Works. 

Andrews— Effect  of  Temperature  on  Strength  of 
Bailwaj  Axles. 

Brefllsalt^-Constantinople  Water- Works. 

Cowan — ^The  Carron  Iron-Works,  Scotland. 

Max  Am.  Ende— Formnlas  for  the  Weights  of 
Girder  Bridges. 

Grttnewald — ^The  Viaduct  OTor  the  Birer  Betiro. 

Hunter — LocomotiTe  Engine  and  Carriage- 
Sheds. 

Wolters—Manufaotnre  of  Boiled  Joists  in  Bel- 
glum. 

Conorete  as  applied  In  the  Construction  of  Har. 
bors. 

Hopklnson— The  Electric  Lighthouses  of  Mae- 
quarie  and  of  Tino. 

Kennedy — Engineering  Laboratories. 

Willcooks — Irrigation  in  Lower  Egypt. 

Shield— Harbor  Works  in  Algoa  Bay,  Cape 
Colony. 

Hedges— Central- Station  Electric  Lighting. 

Hetherington— UUlising  Waste  Air  in  Filter- 
Pressing. 

Bagshaw— Friction-Clutches. 

Seyrig — Iron  Skeleton  of  the  Statue  of  Liberty 
on  Bedloe's  Island,  New  York  Harbor. 

Waring— Siphon  Outlet  for  a  Low  Sewer. 

Dlbdin  and  Crimp— Disposal  of  Sewage-Sludge. 

Abstracts  of  Papers  in  Foreign  Transactions 
and  Periodicals.    Vol.  LXXZVII. 

From  the  SOCIETY  OF  ENQINEBBS,  London. 
Bules,  By-Laws  and  List  of  Members,  etc.,  1887. 
Inaugural    Address   of  the   President,   Prof. 
Henry  Boblnson,  Feb.  7th,  1887. 

From  the  NOBTH  OF  ENGLAND  INSTITUTE 

OF  MINING  AND  MECHANICAL  ENGI- 

NEEBS,  Newcastle-upon-Tyne. 

Transactions— Vol.   XZXV.,    Part    IV.     Vol. 

ZXXVI.,  Part  I. 

From  the  LIVBBPOOL   ENGINEEBING 
SOCIETY. 
Transaction*— Vol.  VI.    Session,  188d. 


From  the  SOCIETY  OF  CIVIL  ENGINBEBS, 

Paris. 
MAmoires— July,  Aug.,  Sept.,  Oct.,  Not.,  Dee., 

1886 ;  Jan.,  1887. 
Stenc*  du  0  Norembre,  du  3  Decembre,  1886 ; 

du  7  JanTier,  du  18  Ferrier,  1887. 

From  L'ADMINISTBATION  DE8  FONTS  BT 

CHAUSSE^S,  Paris. 
Annales — Sept.,  Oct.,  Not.,  Dec,  1886;   Jan., 

1887. 
Personnel.    1887. 

From   the  AU8TBIAN    SOCIETY  OF    BNGI- 
NEEBS  AND  ABCHITECTS,  Vienna,  Aoafcria. 
ZeiUchrift ,  Part  III,  Part  IV.    1886. 
Wochenschrift. 

From  the  VEBEIN  FUB  BAUKUNDE,  Stuttgart, 

Germany. 
Proceedings— Part  I.    1886-87. 

From  the   SAZONIAN  SOCIETY  OF   BNGI- 

NEEBS  AND  ABCHITBCTS,  Leipsig. 
Der  CiTiUngenieur. 
Catalogue.    1886. 

From  the  NOBWEGIAN  SOCIETY  OF  BNOI- 

NEEBS  AND  ABCHITBCTS,  KrUtlanla. 
Norsk  Teknisk  Tidsskrift,  ParU  6^.    1886. 

From  the  SWEDISH  SOCIETY  OF  CIVIL  BN- 

GINEEBS,  Stockholm. 
Proceeding*— FJerde  HKftet.    1886. 

From  the  POBTUGESE  SOCIETY  OF  CIVIL 

ENOINEBBS,  Lisbon. 

BoTlsta  de   Obras  Publicas  E.  Minaa  — Jan.- 

Feb.,  Sept-Oct  and  NoT.-Deo.,  18S6. 

From  the  ABGENTINB  SCIENTIFIC  SOCIETY, 

Buenos  Aires. 
Anales— Sept.,  Oct,  Not.,  Dec,  1886. 

From  the  MINISTBBO  DEI  LAVOBI  PUBB- 

LICI,  Borne,  lUly. 
Oiomale  del  Genio  CiTile— April,  May,  1 8S1. 
Nos.  1  to  18,  both  inelusWe.  1886. 

From  the  IMPBBIAL  UHIVBB8ITY,   Toklo, 

Japan,  Mr.  H.  Watanabe,  President. . 
Calendar  for  1886-87. 


Phila^  1887,  VI,  2.]  ContrihuUona  to  the  Library, 


141 


From   OBOLOOIGAL    AND    NATUBAL   HIS- 

TOBT  SUBYBT  OF  CANADA,  Montreal. 
Annual  Beport  (new  series),  Vol.  I.    1886. 
Mftps  to  acoompany  ditto. 

From  the  BBITI6H  PATENT  OFFICE,  London. 
Abridgments  of  the  Speolflcations  of  Patents  for 

Inrentions  relating  to 
Fire-Arms,  Ammunition,  etc.  Dirision  1.  1886. 
"  "  "        2.  188«. 

Preparing  and  Cutting  Cork ;  Bottling  Liquids ; 

Securing  and  Opening  Bottles,  etc.  1885. 
Drains  and  Sewers,  Sewage  and  Manure.  1885. 
Photography.    1885. 

From  the  WINNIPEG  BOABD    OF   TBADE, 

Winnipeg. 
Eighth  Annual  Beport  for  1886. 

From   the  AMEBICAN  SOCIETY    OF  CIVIL 

SNQINEEBS,  N.  Y. 
Transaetions— Aug.,  Sept.,  Oct.,  Nov.,  1886. 
Constitution,  By-Laws  and  List  of   Members, 
Sept.,  1886. 

From  the  AMEBICAN  INTSITUTE  OF  MINING 

ENGINEEBS,  N.  Y. 
Transactions— Advance  Sheets. 
Hitchcock^Oeological  Map  of  the  United  States 
and  part  of  Canada.    1886. 

From  the  AMEBICAN  SOCIETY  OF  MECHAN- 
ICAL ENGINEEBS,  N.  Y. 
List  of  Members,  Bules,  Jan.  Ist,  1887.  (2  copies.) 

From  the  AMEBICAN  IBON  AND  STEEL 
ASSOCIATION,  Philadelphia. 
Bulletin. 

From  the  U.  S.  ASSOCIATION  OF  CHABCOAL 

IBON  WOBKEBS. 
Journal— Vol.  VII,  No.  3.    1886. 

From  the  ASSOCIATION  OF  ENGINBEBINO 

SOCIETIES,  N.  Y. 
Journal— Oet.,  Not.,  Dec,  1886;  Jan.  (with  sup- 
plement), 1887. 

From  the  INTBBNATIONAL  INSTITUTE  FOB 

PBE6EBVING    AND  PEBFECTING 

WEIGHTS  AND  MEASUBES. 

The  International  Standard.  Jan.,  March,  1887. 

From  the  AMEBICAN  WATEB-W0BK8  ASSO- 
CIATION, Hannibal,  Mo. 
Beport  of  Sixth  Annual  Meeting,  Denver,  (3ol. 
1886. 

From  the  MASTEB  CAB-BUILDEBS'  ASSOCI- 

ATION. 

Proceedings— AniMal  ConTontion  held  at  Niag- 
ara Falls,  N.  Y.,  June  8th.,  9th  and  10th, 
1886. 

From  the  AMERICAN  PHILOSOPHICAL 
SOCIETY,  Philadelphia. 
Proceedings— No.  124.    Dec,  1886. 


From  the   TECHNICAL    SOCIETY   OF   THE 

PACIFIC  COAST,  San  Francisco,  Cal. 
Transactions — June,  Julj,   Aug.,  Sept.,   Octt* 
Not.,  1886. 

From   the   WESTEBN    SOCIETY    OF    ENGI- 
NEEBS, Chicago,  lU. 
Proceedings.    1886. 

From  the  ASSOCIATION  OF  COUNTY  SUB. 

VEYOBS  AND    CIVIL    ENGINEEBS   OF 

THE  STATE  OF  INDIANA. 

Proceedings  of  Sixth  Annual    Meeting,   Jan. 

19th,  20th  and  21st,  1886. 

From  the  ENGINEEBS'    CLUB  OF  KANSAS 

CITY,  Mo. 
Constitution  and  Bjr-Laws- Jan.,  1887. 

From  the  ENGINEEBS'  SOCIETY  OF  WEST- 
EBN PENNSYLVANIA. 
Transactions — ^Advance  Sheets. 

From  the  BNGINEEBING  SOCIETY  OF  LE- 
HIGH UNIVEBSITY,  Bethlehem,  Pa.' 
Journal — Jan.,  Feb.,  1S87. 

From  the  FBANKLIN  INSTITUTE,  Philadel- 
phia. 
Journal— Dec,  1886;  Jan.,  Feb.,  March,  April, 

1887. 

From  the  BOSTON  PUBLIC  LI  BRA  BY,  Boston, 

Mass. 

Thirty-Fifth  Annual  Beport.    1886. 

From  the  LIBBABY  COMPANY  OF  PHILA- 

DELPHIA. 
Bulletin  for  January,  1887. 

From  the  U.  S.  GEOLOGICAL  SUBVEY,  Wash- 
ington, D.  C. 
Bulletins,  Nos.  SO  to  33,  both  inclusiTO. 
Bussell— Geological  History  of  Lake  Lahontan. 

1885.    Bound. 
Mineral  Besouroes  of  the  United  States  for  1885. 

Bound. 

From  the  U.  S.  NAVY  DEPABTMBNT, 

Washington,  D.  C. 

Pilot  Chart  of  North  Atlantic  Ocean  for  Not., 

Dec,  1886 ;  Jan.,  Feb.,  March,  April,  1887. 

Annual  Beport  of  the  Secretary  of  the  NaTy  for 

1886. 
Beport  of  the  Naval  Advisory  Board  on  Mild 
Steel.    1885.     Bound.    (2  copies.) 

Proceedings  of  the  U.  S.  Naval  Institute— Vol. 

XII,  No.  4  ;  Vol.  XIII,  No.  1.  1886. 
Annual  Begtster  of  the  U.  S.  Naval  Academy. 

1885-86. 
Military  Beconnaissanoe  in  Alaska,  Schwatka. 

1883.    Bound. 
Beport  of  the  Select  Committee  on  Ordnance 

and  War  Ships,  with  an  Appendix.  1886. 

Bound. 
Begister— February  1st,  1887. 
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From  the  U.  S.  COAST  AND  OSODETIC  SUA- 

YBT,  WMhington,  D.  G. 
Beport  for  188fi.    Bonad. 

From  the  SMITHSONIAN  INSTITUTION, 
Washington,  D.C. 
Beport— 1884.  Part  II.    Bound. 

From    the    BUREAU    OF    EDUCATION,   DE- 

PABTMENT  OF  THE  INTERIOR, 

Washington,  D.C. 

Report  on  School  Archltectare,  etc.  1870. 

Circalar  of  Information,  Jane,  1872~Edacation 
in  the  British  West  Indies. 

Report— Commissioner  of  Education  for  187S. 
(2  copies.) 

Report — Commissioner  of  Edncation  t6r  1873. 
Boond. 

Circalar  of  Information,  No.  2,  1873— Schools 
in  British  India. 

Circular  of  Information,  No.  0,  1873 — Aeeoant 
of  College  Commencements  daring  1878 
in  the  Western  and  Southern  States. 

Circalar  of  Information,  No.  5,  1875 — Sag- 
gestions  respecting  the  Educational  Ex- 
hibit at  the  International  Centennial  Ex- 
hibition. 1876. 

Circular  of  Information,  No.  7, 1875— Constitu- 
tional Provisions  in  regard  to  Edacation 
In  the  soToral  States  of  the  American 
Union. 

Circalar  of  Information,  No.  8, 1876— Schedule 
for  the  Preparation  of  Student's  work  for 
the  Centennial  Exhibition,  as  reported  hj 
the  Committee  of  the  Department  of 
Superintendence  of  the  National  Associa- 
tion, appointed  at  Minneapolis  in  1875. 

Shiras — The  National  Bureau  of  Education :  Its 
History,  Work  and  Limitations.    1875. 

Report— Commissioner  of  Education  for  1876. 

Poole— The  Organization  and  Management  of 
Public  Libraries.    1876. 

Circular  of  Information,  No.  2, 1877— Reports  of 
the  Systems  of  Public  Instruction  in 
Finland,  The  Netherlands,  Denmark, 
WUrtemberg  and  Portugal ;  with  a  paper 
on  the  Unirerslty  of  Leipzig. 

Report— Commissioner  of  Education  for  1878. 
Bound. 

Report— Commissioner  of  Education  for  1879. 
Bound. 

Eaton— An  Address  on  National  Aid  to  Educa- 
tion.   1877. 

Circular  of  Information,  No.  8, 187ft— The  Value 
of  Common  School  Education  to  Common 
Labor,  by  Dr.  Edward  Jarvls,  of  Dor- 
chester, Mass.,  together  with  Illustrations 
of  the  same  as  shown  by  the  answers  to 
Inquiries  addressed  to  Employers,  Work- 
men and  Observers. 


Circular  of  Information,  No.  5, 187ft— American 
Education  as  Described  by  the  French 
Commission  to  the  International  Bxhibi* 
tion  of  1876. 

Circular  of  Information,  No.  1,  188ft— College 
Libraries  as  Aids  to  Instruction. 

Circular  of  Information,  No.  2, 1880— Proceed- 
ings of  the  Department  of  Superin- 
tendence of  the  National  Education  As- 
sociatlon,  at  Its  Meeting  at  Washington, 
D.C,  February  18th  to  20th,  1880. 

Circular  of  Information,  No.  4,  1880— Rural 
School  Architecture,  with  Illustrations. 

Circular  of  Information,  No.  5,  1880— English 
Rural  Schools. 

Circular  of  Information,  No.  6, 1880— A  Report 
on  the  Teaching  of  Chemistry  and  Physics 
in  the  United  States,  by  Frank  Wiggles- 
worth  Clarke,  8.B.,  Professor  of  Chemistry 
and  Physics  in  the  Unirersity  of  Cincin- 
nati. 

Circular  of  Information,  No.  7,  1880— The 
Spelling  Reform. 

Progress  of  Western  Education  in  China  and 
Slam.    1880. 

Industrial  Education  in  Europe.    1880. 

The  Indian  School  at  Carlisle  Barracks.    1880. 

Educational  Tours  in  France.    1880. 

Circular  of  Information,  No.  1, 1881— The  Con- 
struction of  Library  Buildings. 

Circular  of  Information,  No.  5, 1881 — Causes  of 
Deafness  among  School  Children  and  its 
Inflnenees  on  Education,  with  Remarks 
on  the  Instruction  of  Pupils  with  Im- 
paired Hearing  and  on  Aural  Hygiene  In 
the  Schools,  by  Samuel  Sexton,  M.D., 
Aural  Surgeon  to  the  New  York  Eye  and 
Ear  Infirmary,  Member  of  the  Amerleaa 
Otological  Society,  etc. 

Fifty  Tears  of  Freedom  in  Belgium,  etc..  etc 

1881. 

Recognized  Medical  Colleges  in  the  United 
SUtes.    1881. 

Orcutt— The  Discipline  of  the  School.    1881. 

Report — Commissioner  of  Education  for  1882-8S. 

Circular  of  Information,  No.  2, 1882. — ^Proeeed- 
ings  of  the  Department  of  Superinten- 
dence of  the  National  Educational  Aeaoei* 
atton,atlts  Meeting  at  Washington,  D.C, 
March  21st  to  2Sd,  1882. 

MUhlberg— Natural  Science  in  Secondary 
Schools.    1882. 


Strong— Instruction      in 
OoTcrnment.    1882. 


Moral     and    CWil 


Cireular  of  Information,  No.  2, 188S.— Co-edu- 
cation of  the  Sexes  iu  the  Public  Schools 
of  the  United  States. 
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Clrcalar  of  Informatloii,  No.  4,  1883.— Recent 
School  Law  Deeitioni ;  Compiled  bj 
Lfudoa  A.  Smith,  A.B.,  L.L.  M. 

Ednoation  in  Italy  and  Greece.    1883. 

Cirealar  of  Information,  No.  2,  1884.— The 
Teaching,  Practice  and  Literature  of 
Shorthand,  by  Jnlini  Ensign  Rockwell, 
Stenographer. 

Circular  of  Information,  No.  5,  1884— Sug- 
gestions Respecting  the  Educational  Ex- 
hibit at  the  World's  Industrial  and  Cot- 
ton Centennial  Exposition. 

Circular  of  Information,  No.  6.  1884— Rural 
Schools :  Progress  in  the  Past ;  Means  of 
Improrement  in  the  Future. 

Mayo— Building  for  the  Children  in  the  South. 
1884. 

Planting  Trees  in  School  Grounds  and  the 
Celebration  of  Arbor  Daj.    1885. 

Circular  of  Information,  No.  1,  1886— The 
Study  of  Music  in  Public  Schools. 

Circular  of  Information,  No.  2, 1886. — Proceed, 
ings  of  the  Department  of  Superinten- 
dence of  the  National  Educational  As- 
sociation, at  its  Meeting  at  Washington, 
February  2dd  to  26th.  18S6. 

FROM  THE  DEPARTMENT  OF  INTERNAL 

AFFAIRS,  Harrisburg,  Pa. 
Secretary's  Annual   Report,  1886— Land  Office 
and  Assessments. 

From  A.  P.  TURNER  &  CO.,  London,  England. 
Commercial  Letter  No.  99.    1887. 

From  the  PENNSYLVANIA  R.  R.  CO. 
Record  of  Transportation  Lines  for  year  ending 
Dee.  81st,  1886. 

From  the  COMMISSIONERS  OF  DISTRICT  OF 
COLUMBIA. 

Annual  Report  to  June  30th,  1886.    (2  copies.) 

From  HON.  JAMES  A.  BEAVER,  Governor, 
Harrisburg,  Pa. 

Inaugural  Address.    1887. 

From  MR.  WM.  8.  BARBOUR,  City  Engineer, 
Cambridge,  Mass. 

Annual  Report  for  1885. 

"  "       "     "       Water  Board. 

City  Documents  for  1885.    Bound. 

From  MR.  E.  L.  BROWN,  City  Engineer, 
Brockton,  Mass. 

Report  of  the  Committee  on  Sewerage,  trans- 
mitting. 

Report  of  Hon.  Phineas  Ball,  C.E.,  on  Disposal 
of  Sewage.    1886. 

From  the  Author,  MR.  CHESTER  B.  DAVIS, 

C.  B.,  Chicago,  111. 
Specifications— Water  Works— Elgin,  111.  1887. 

From  MR.  ALBERT  F.  NOTES,  City  Engineer, 

West  Newton,  Mass. 
Annual  Reports  for  1884  and  1885. 


From  MR.   WATERS   S.  CHILLSON,   Bacon 

Street,  Palo  Alto,  Pa. 
Report  of  Rain  and  Snow  Fall.    1886. 

From  the  Author,  WM.WILKINS  CARR,  ESQ., 

Att'y  at  Law,  518  Walnut  Street,  Phila. 
The  Legal  Protection  of  the  Present  Water 

Supply   for    Philadelphia.      Not.,  1886. 

(2  copies.) 

From  PHILIP  D.  BORDEN,  JR.,  AcUre  Mem- 
ber  of  the  Club  ;  City  Engineer,  Fall  RiTer,Mass. 
Thirteenth  Annual   Report  of  the    Watuppa 

Water  Board.     Jan.  1st,  1887. 
Report  upon  Sewer  Assessments  made  by  the 

Committee  on   Finance,  presented    Dec. 

29th,  1886. 

From  MR   W.  8.  CHURCH,  Actire  Member  of 

the  Club. 

Letter  of  H.  E.  Pellew  faroring  the  Construc- 
tion of  Qnaker  Bridge  Dam.  Jan.  26th, 
1886. 

Reports  of  the  Chief  Engineer  of  the  Aqueduct 
Commission,  and  the  Chief  Engineer  and 
Consulting  Engineer  of  Department  of 
Public  Works,  to  the  Aqueduct  Com- 
missioners in  Relation  to  Constructing 
the  Quaker  Bridge  Dam  and  ReserToir. 
Feb.,  1886. 

B.  S.  Church — Summary  of  Reasons  why 
Quaker  Bridge  Dam  Should  be  Built 
Nov.  29th,  lS86w 

A.  Fteley — Statement  and  Notes  on  Qnaker 
Bridge  Dam.    Jan.  Slst,  1887. 

Isaac  Newton — Quaker  Bridge  Dam :  Its  Neces- 
sity, with  Opinions.    1887. 

Report  of  the  Committee  on  Construction  of  the 
Aqueduct  Commissioners  on  the  Con- 
struction of  the  Qnaker  Bridge  Dam  and 
Reservoir.    Jan.  Slst,  1887. 

Aqueduct  Commissioners  Minority  Report 
Jan.  31st,  1887. 

Communication  of  General  John  Newton,  Com. 
missioner  of  Public  Works,  favoring  the 
Construction  of  Quaker  Bridge  Dam. 
February  7th,  1887. 

From  MAJOR  H.  W.  CLARKE,  Active  Member 
of  the  Club. 

Report  of  the  Regents'  Boundary  Commission 
upon  the  New  York  and  Pennsylvania 
Boundary,  with  the  Final  Report  of  Major 
H.  W.  Clarke,  C.  E.,  Surveyor  for  the 
Commission.    1886. 

From    the   Author,    MR.  E.  L.    CORTHELL, 
Active  Member  of  the  Club. 

The    Isthmian  Ship-Railway— Address   before 
New  York  Academy  of  Science,  Deo.  20th, 
1886. 
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From  PROF.  L.  M.  HAUPT,  Actiye  Member  of 
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XVIII. 


NOTES  ON  THE  PREPARATION  OF  ANTHRACITE  COAL. 

Bj  Edwin  Ludi<ow,  Active  Member  of  the  Clab. 
Bead  April  16ih,  1887. 

I  DESIRE  to  call  the  attention  of  the  members  of  this  Club,  and 
especially  those  who  are  mechanical  engineers  and  have  the 
bump  of  inventiveness  well  developed,  to  one  of  the  greatest  needs 
now  met  with  in  the  preparation  of  anthracite  coal.  While  en- 
gineering ability  and  mechanical  skill  has  done  wonders  during 
the  last  decade  toward  putting  the  mining  and  preparation  of 
coal  on  a  scientilRc  basis — making  it  possible  to  ship  as  high  as 
2,600  tons  of  prepared  coal  from  one  breaker  in  a  single  day — 
still  in  every  breaker,  no  matter  how  modern  i^  may  be,  one  will 
find  the  chutes,  through  which  the  coal  passes  from  the  screens 
to  the  loading  pockets,  lined  with  boys  from  12  to  14  years 
of  age,  who  sit  there  10  hours  a  day,  picking  by  hand  the 
slate  from  the  coal  as  it  passes  along.  The  atmosphere  of  this 
screen  room  is  in  many  cases  so  laden  with  fine  coal  dust  that 
objects  can  not  be  distinguished  20  feet  away,  and  while  the 
breathing  of  this  coal  dust  does  not  seem  to  have  any  immediate 
eflfect  on  the  boys'  health,  it  undoubtedly  lays  the  seeds  for  the 
bane  of  the  coal  region — miners'  consumption.    It  strikes  every 
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thoughtful  man  who  looks  down  on  from  100  to  200  boys  work- 
ing in  a  single  breaker,  that  it  is  a  very  crude  and  expensive  waj' 
of  preparing  coal. 

Various  appliances  have,  of  course,  been  designed,  but  the  only 
really  successful  one,  as  proved  by  actual  experience,  has  been 
the  water  jig.  This  undoubtedly  removes  the  slate  with  a  small 
percentage  of  waste  of  coal,  and  where  the  product  of  the  mine  is 
wet  and  water  has  to  be  used  on  the  screens  to  effect  a  separation 
of  the  dirt  from  the  coal,  it  is  the  best  and  most  economical 
appliance  that  can  be  employed.  But  the  greater  part  of  the  coal 
going  to  market  comes  from  dry  mines,  where  it  would  be  a  det- 
riment to  the  quality  of  the  coal  and  a  great  expense  to  use 
water. 

The  waste  water  from  the  jig  is  also  expensive  to  take  care  of, 
as  in  most  localities  it  is  no  longer  allowable  to  let  it  run  with 
the  fine  dirt  it  holds  in  solution  into  the  nearest  creek,  as  the 
sediment  will  carry  a  long  distance  and  invariably  deposits 
itself  where  it  will  do  the  most  harm  and  entail  a  heavy  suit  for 
damages. 

Enough  tanks  have,  therefore,  to  be  provided  to  allow  all  the 
waste  water  to  thoroughly  settle,  so  that  the  water  and  culm  can 
be  removed  separately.  Water  itself,  or  rather  the  pure  article, 
is  both  scarce  and  expensive  during  a  part  of  each  year  through- 
out nearly  the  whole  region.  And  if  mine  water  is  used,  as  is 
generally  the  case,  the  acid  contained  in  it  attacks  the  iron  work 
of  the  jig  and  makes  frequent  repairs  necessary. 

The  principle  the  jig  works  on  is  based  on  the  difference  in 
specific  gravity  between  coal  and  slate.  The  two  enter  the  bot- 
tom of  the  jig  together,  and  by  the  pulsations  of  a  large  plunger 
in  an  adjoining  compartment,  water  is  forced  up  through  the 
coal,  lifting  it  and  allowing  a  fresh  supply  to  come  in. 

The  coal  is  forced  to  the  top  and  runs  off  with  the  water,  while 
the  slate,  owing  to  its  greater  specific  gravity,  passes  out  through 
a  separate  opening  in  the  bottom. 

Now  what  is  needed,  and  what  I  hope  some  member  of  this  Club 
will  devise,  is  a  dry  jig,  in  which  this  separation  will  be  effected 
by  the  use  of  air  instead  of  water. 

One  of  the  difficulties  encountered  in  getting  up  such  a  jig  is 
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caused  by  the  care  with  which  coal  has  to  be  handled  to  pre- 
vent its  chipping  or  breaking.  It  cannot  be  dropped  on  iron 
or  even  on  itself,  without  producing  an  appreciable  percentage 
of  waste.  With  the  most  approved  rolls  the  loss  in  rebreaking 
any  size  to  a  smaller  one  amounts  to  from  10  to  15  per  cent. 

While  the  diflTerence  in  specific  gravity  between  coal  and  slate 
of  the  same  sized  pieces  is  very  great,  still  trouble  would  be  ex- 
perienced in  any  separation  by  an  air  current  with  flat  pieces 
of  both  slate  and  coal,  on  which  the  action  of  the  air  would  vary 
according  to  whether  it  acted  on  the  edge  or  the  whole  side. 

The  man  who  invents  a  successful  dry  jig  that  will  stand  the 
test  of  actual  trial,  will  undoubtedly  make  a  very  handsome 
amount  by  it.  Not  to  be  too  cumbersome  a  single  jig  should  not 
have  a  greater  capacity  than  500  tons  per  day,  and  as  the  ship- 
ping capacity  of  the  anthracite  region  is  about  200,000  tons  per 
day,  it  would  take  about  400  to  supply  the  trade. 

I  shall  always  be  most  happy  to  furnish  any  information,  or 
give  any  assistance  in  my  power,  to  any  one  desiring  to  work  on 
this  matter. 


XIX. 

SOME  REMARKABLE  BREAKS  IN  A  RESERVOIR. 

By  Lewis  N.  Lukens,  Active  Member  of  the  Clab. 

Read  May  7th,  1887. 

The  reservoir  was  built  in  1873,  on  the  top  of  the  Conshohocken 
hill,  about  200  feet  above  the  level  of  the  Schuylkill  River^ 
from  which  the  water  is  pumped.  In  plan  it  is  a  square  of  151 
feet  at  the  top  of  the  embankment,  with  a  division  embank- 
ment rising  half  way  to  the  top  of  the  side  walls.  When  ordina- 
rily full  it  holds  about  1,000,000  gallons. 

The  earth  of  the  locality  is  of  a  rather  light  character,  with 
enough  talc  in  it  to  make  it  feel  rather  greasy.  The  general 
rocks  of  the  locality  are  limestone,  and  the  variety  quarried  and 
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sold  as  Conshohocken  stone.  The  exact  geological  conditions  of 
the  locality  I  have  not  knowledge  enough  to  describe. 

In  constructing  the  reservoir  the  banks  were  raised  about  as 
much  above  the  natural  level  as  the  excavation  was  beneath  it, 
the  earth  from  the  excavation  being  used  for  the  embankments. 
These  were  well  rolled  and  allowed  to  settle  as  much  as  possible 
in  the  course  of  construction.  The  bottom  and  sides  were  then 
lined  with  18  in.  of  stiff  fire-clay,  put  on  in  layers  of  about  3  in., 
each  layer  being  well  rammed.  Above  this  there  was  put  a  brick 
pavement,  and  this  was  washed  over  with  hydraulic  cement. 

The  inlet  and  outlet  pipes  were,  as  shown  in  the  drawing,  cast- 
iron  pipes  laid  in  masonry.  This  masonry  was  composed  of  or- 
dinary undressed  stone,  laid  in  hydraulic  cement,  and  extended 
out  to  about  the  middle  of  the  embankment. 

The  reservoir  was  finished  in  the  Fall  of  1873,  and  water  was 
let  in  soon  after.  In  December,  1873,  only  a  few  months  after  the 
water  was  let  in,  the  first  break  occurred.  This  break  commenced 
just  above  the  outlet  pipe,  and  followed  the  line  of  the  pipe 
through  the  embankment,  laying  bare  some  of  the  masonry  de- 
scribed as  surrounding  the  pipe.  It  broke  through  the  embank- 
ment just  about  at  the  natural  level  of  the  ground,  and  was  about 
15  feet  across  at  the  top  of  the  embankment,  narrowing,  of 
course,  toward  the  bottom.  The  curious  part  was,  however,  that 
instead  of  the  ground  below  showing  evidence  of  such  a  large 
body  of  water  pstssing  over  it,  it  showed  that  only  a  compara- 
tively small  part  of  the  water  had  escaped  that  way  and  covered 
the  low  land  just  below.  The  larger  part  of  the  water  must  have 
escaped  by  some  other  channel,  necessarily  a  subterranean  one. 
This  first  break  was  repaired  by  filling  in  with  stiff  fire-clay  and 
finishing  as  before.  In  the  Summer  of  1876  the  second  break 
occurred.  This  was  in  the  middle  of  the  west  compartment,  and 
was  an  absolute  giving  way  of  the  bottom,  there  being  no  break 
in  the  side.  It  was  simply  a  hole  of  about  20  feet  in  diameter 
and  of  indefinite  depth.  A  line  was  let  down  at  least  85  feet 
without  finding  bottom,  and  stones  thrown  in  seemed  to  rattle 
down  indefinitely.  The  ledges  of  rock  seemed  to  be  inclined 
toward  each  other  thus  V,  and  the  slippery  talcose  earth  had 
been  washed  from  between  them,  nobody  knows  where.     Whether 
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the  water  from  the  first  break  started  it,  is,  of  course,  not  known, 
although  it  seems  at  least  possible.  In  repairing  this  the  crevices 
between  the  rocks  were  filled  up  and  arched  over  with  masonry, 
going  as  deep  as  necessary  to  get  a  solid  support  for  the  ma- 
sonry, in  one  case  as  much  as  34  feet  below  the  bottom  of  the 
basin.  The  hole  was  then  filled  in  with  stiff  clay  and  iron- 
ore  screenings,  principally  clay.  The  top  was  then  planked  over 
with  hemlock  plank,  and  the  clay  lining  rammed  down  and  cov- 
ered with  brick  as  before. 

In  the  Spring  of  1879,  three  years  after,  the  third  break  oc- 
curred. This  was  in  the  other  compartment,  taking  away  part  of 
the  partition  wall  and  part  of  the  bottom,  and  was  a  good  deal 
like  the  preceding  one.  An  interesting  fact  is,  that  a  well  near 
by,  80  feet  deep,  and  which  had  had  8  or  10  feet  of  water  in  it, 
was  completely  emptied  the  night  the  break  occurred,  and  has 
not  held  any  water  since.  There  must  have  been  some  under- 
ground channel  by  which  the  water  from  both  found  its  way  to 
the  river. 

This  hole  was  filled  up  with  masonry  and  clay  like  the  other. 
The  clay  lining  was  then  taken  off,  and  the  whole  basin,  sides, 
bottom  and  partition  embankment  was  planked  over  with  heavy 
hemlock  plank.  The  clay  was  then  put  on  again  to  a  depth  of 
14  inches,  and  the  whole  surface  bricked  as  before.  This  time 
it  lasted  for  eight  years,  until  last  Fall,  when  a  small  break 
occurred.  Some  small  quantity  of  water  had  washed  the  earth 
from  between  two  rocks  in  the  side  of  and  near  the  bottom  of  the 
end  embankment  in  the  same  old  way.  The  weight  of  the  super- 
incumbent water  had  then  sprung  back  the  side  planks,  and  the 
water  had  escaped  by  some  underground  channel.  Being  re- 
lieved of  the  weight  the  planks  had  sprung  back.  The  fact  of 
the  springing  back  and  subsequent  release  is  shown  by  there 
being  a  number  of  small  fish  caught  and  crushed  in  the  cracks. 
This  was  repaired  as  usual  by  filling  in  with  fire-clay,  and  at  that 
particular  place  there  is  now  three  feet  of  fire-clay,  rammed  in 
between  the  rocks,  then  the  planking,  then  14  inches  more 
clay  and  then  the  brick  lining.     It  is  hoped  now  that  it  will  last. 
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THE  DIMENSIONS  OF  PIPE  FLANGES  AND  CAST  IRON  PIPES. 

By  J.  E.  Codman,  Active  Member  of  the  Qub. 
Read  May  2l8l,  1887. 

The  object  of  the  present  paper  and  diagram  is  to  bring  before 
the  members  of  the  Club  the  subject  of  diameters  of  Flanges, 
diameter  of  Bolt  circle,  size  and  number  of  Bolts  and  thickness  of  cast 
iron  pipe. 

It  is  proposed  by  means  of  the  diagram  to  give  graphically  a 
standard  for  adoption,  arranged  in  such  manner  as  to  be  easily 
understood  and  readily  applied. 

All  mechanics  know  that  the  flanges  used  in  different  foundries, 
on  the  same  diameter  of  pipe,  are  not  of  the  same  outside  diame- 
ter, do  not  contain  the  same  number  of  bolts,  nor  bolts  of  the 
same  size.  This  creates  confusion,  especially  in  repair  work  in 
large  establishments,  where,  perhaps,  a  portion  of  the  work  is 
furnished  by  different  contractors.  It  often  occurs  that  a  valve 
or  a  piece  of  pipe  requires  changing  from  one  place  to  another. 
Upon  examination  it  is  found  that  although  the  inside  diameter 
of  pipe  or  valve  may  be  the  same,  yet  there  is  a  difference  of 
from  I  inch  to  1  inch  in  the  outside  diameter  of  flanges;  one 
may  have  1  inch  bolts  and  the  other  only  f,  one  may  have 
four  in  number  and  the  other  six,  and  a  corresponding  differ- 
ence  in  the  diameter  of  bolt  circles.  Just  why  this  difference 
should  occur  I  am  at  a  loss  to  explain,  other  than  from  a 
difference  of  opinion  on  the  subject.  It  seems  possible  to  make 
good  steam  and  water  tight  joints  in  cast  iron  pipe  of  a  standard 
size,  and  have  them  so  proportioned  that  a  corresponding  rela- 
tion will  be  maintained  between  the  different  sizes. 

A  very  common  trouble  is  the  inclination  to  put  too  few  bolts 
in  a  flange  to  hold,  the  joint  for  any  length  of  time  under 
pressure,  and  another  to  place -bolts  of  a  small  size  on  a  bolt  circle 
of  large  diameter. 

Several  tables  are  published  giving  diameters  of  flanges  and 
numbers  and  sizes  of  bolts,  in  which  a  J-inch  bolt  is  given  as  a 
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suitable  size  for  a  48-inch  pipe  under  a  pressure  of  100  pounds 
per  square  inch.  In  practice,  and  especially  after  pipe  has  been 
exposed  and  oxidation  has  proceeded  to  a  greater  or  less  extent 
upon  the  nuts  and  heads  of  bolts,  it  will  be  found  difficult  to  keep 
the  joint  tight  if  success  be  attained  in  making  it  so  in  the  first 
place. 

From  practical  experience  as  well  as  from  observation,  joints  in 
a  48-inch  pipe,  made  with  bolts  1  J-inch  diameter  on  a  bolt  circle 
of  55  inches  diameter  and  spaced  at  a  distance  of  nearly  4.3 
inches  from  centre  to  centre,  have  been  found  to  give  satisfactory 
results  in  every  case,  and  no  trouble  has  been  experienced, 
either  in  making  the  joint,  or  keeping  it  tight  thereafter.  In 
making  a  computation  for  strength  of  the  joint  with  bolts  of  this 
size,  based  upon  the  net  section  of  bolts  compared  with  the 
strength  of  flange,  it  will  be  found  that  a  large  margin  of  strength 
in  excess  of  the  flange  is  found  in  the  bolts;  the  same  result  is 
reached  in  the  36-inch  pipe,  using  1  J-inch  bolts  on  a  bolt  circle 
42  inches  diameter,  and  bolts  spaced  about  the  same  distance 
apart  as  in  the  48-inch  pipe;  also  for  the  30-inch,  20-inch, 
16-inch  and  12-inch.  All  these  sizes  have  been  under  practical 
observation  for  several  years  and  have  been  in  use  upon  water 
pipe  with  excellent  results. 

The  excess  of  strength  in  bolts,  it  seems,  must  be  utilized  in 
the  strain  put  upon  them  to  make  the  joint.  This  strain,  of 
course,  is  uncertain,  and  no  doubt  at  times  with  small  bolts  ex- 
ceeds the  limit  of  elasticity  of  the  material.  With  one  bolt  strained 
beyond  the  elastic  limit,  the  work  thrown  upon  the  adjoining 
ones  is  considerably  increased,  and  at  every  change  of  tempera- 
ture, or  from  any  unequal  settling  of  the  pipe,  the  joint  leaks. 

From  observation  and  experience  the  most  common  cause  of 
leaky  joints  can  be  directly  traced  to  either  small  bolts,  or  too  few 
of  them,  or  both  combined.  The  late  Joseph  Harrison,  Jr.,  said 
to  the  writer  that  "  he  did  not  wish  bolts  used  in  the  proposed 
traction  engine  he  was  constructing,"  just  before  his  death,  "  less 
than  one  inch  in  diameter." 

The  thickness  of  pipe  by  the  diagram  has  been  taken  from 
pipe  in  practical  use,  and  from  tables  and  comparisons  made  and 
collected  of  cast  iron  pipe  under  pressure  in  various  cities  and 
foundries  in  the  United  States. 
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In  the  diagram  before  us  the  pressure  has  been  taken  at  100 
pounds  per  square  inch ;  strength  of  the  cast  iron  at  15,000  per 
square  inch. 

The  principal  object  of  the  diagram  of  thickness  is  to  show 
graphically  some  points  that  appear  from  it,  which  perhaps  have 
not  been  brought  out  before  in  the  same  form,  at  least  not  to  the 
knowledge  of  the  writer. 

It  is  to  be  observed  that  the  practical  thickness  from  zero 

diameter  to  48-inch  diameter,  when  expressed  in  function  of 

the  theoretical  thickness  and  plotted  to  scale  upon  a  diagram  in 

which  the  abscissae,  shall  be  the  diameters,  and  the  ordinates 

shall  represent  the  function,  there  will  be  described  a  curve  for 

98 
which   the    following    equation    can    be   made:    c  =  7  +    ^ 

in  which  c  equals  a  co-efficient  found  by  dividing  the  practical 
thickness  t  by  the  theoretical  thickness  t^,  or  -j-  =  c;  D  =  diam- 
eter in  inches. 

In  the  equation,  the  quantity  7  is  a  constant  and  is  made 
parallel  to  the  line  of  diameter ;  it  is  also  an  asymptote  to  the 
remaining  portion  of  the  equation,  which  is  affected  by  the 
variable  D,  and  which  forms  the  equilateral  hyperbola.  The 
portion  of  the  diagram  shaded  by  cross-lines  between  the 
asymptotes  and  the  curve  is  designated  as  the  co-efficient  for 
handling,  while  the  portion  between  the  asymptotes  and  the  line 
of  diameters  has  been  designated  as  the  co-efficient  for  safety.  It 
is  to  be  remembered  that  these  two  co-efficients  are  so  designated 
for  convenience  as  parts  of  the  equation,  and  the  sum  of  both 
form  the  co-efficient  c. 

The  diagram  is  drawn  to  show  graphically  the  thickness  for 
tensile  strength  =  15,000  pounds,  and  pressure  =  100 ;  to  show 
graphically  the  thickness  for  tensile  strength  =  18,000  or 
20,000  pounds.  The  scale  can  be  made  1.2  and  1.33  larger. 
Scales  for  15,  18  and  20  are  given  in  the  margin  of  the 
diagram. 
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XXI. 


AVENETIAN  SHIP  RAILWAY. 

By  £.  L.  CoRTHELL,  Active  Member  of  the  Club. 
Bead  June  \%th,  1887. 

Through  the  courtesy  of  Gen.  F.  L.  Hagadorn,  of  Chicago,  the 
writer  is  enabled  to  present  an  interesting  sketch  of  a  Ship  Rail- 
way project,  conceived  and  executed  by  Sorbolo,  a  Civil  Engineer 
of  Venice.  This  extraordinary  feat  was  performed  about  four 
and  a-half  centuries  ago.  . 

This  paper  is  an  abstract  from  a  volume  entitled  "  Venice  and 
the  Venetians,"  by  Marsh.  The  story  is  now  told  as  bearing  upon 
the  question  of  surmounting  the  American  isthmus  by  similar 
means.  The  character  of  the  two  Engineers,  one  the  executor  of 
the  Venetian  Ship  Railway  project  and  the  other  the  projector  of 
a  much  more  important  and  permanent  work  of  this  kind,  are  in 
many  respects  similar.  Both  were  men  of  bold  projects,  of  care- 
fulness of  details,  and  of  entire  confidence  in  their  plans,  and  it 
is  not  too  much  to  say  that  the  Engineer  of  the  Modern  Ship 
Railway,  had  he  lived,  would  have  as  surely  seen  the  success  of 
his  project  as  Sorbolo  witnessed  the  success  of  his  bold  under- 
taking. 

The  American  Consul  at  Venice,  Mr.  H.  Abert  Johnson,  has 
kindly  furnished  the  sketches  of  the  vessels  of  that  day  similar 
to  those  transported  from  Venice  to  Lake  Garda  over-  Mount 
Peneda.  The  following  is  an  extract  from  his  letter,  dated 
Venice,  April  17th,  1887: 

"  I  send  you  drawings  of  the  three  types  of  vessels  used  in 
this  expedition,  as  described  by  Sorbellica  '  della  Storia  Veneta,' 
consisting  of  galleys  and  small  boats  called  "  Coppano."  The 
two  types  of  galleys  used  are  shown  in  drawings  No.  1  and  No. 
2 ;  the  length  of  types  Nos.  1  and  2  averaged  45  metres  (147.6 
feet),  breadth  of  beam  being  variable,  but  usually  within  39  or 
40  feet.  The  *  coppano,'  No.  3,  as  you  see  by  the  drawing,  was 
nothing  much  more  than  the  ordinary  modem  fishing  boat. 
No.  1  is  copied  from  a  picture  in  the  Royal  Academy  here,  and 
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No.  2  is  taken  from  a  wooden  model  in  the  Arsenal. .   No.  3  from 
a  painting  by  Carpaccio." 

The  accompanying  sketch  of  the  route  is  from  maps  in  the 
Rooms  of  the  American  Geographical  Society  in  New  York. 

The  recent  occupation  of  the  City  of  Brescia  has  called  renewed 
attention  to  this  stronghold,  which  has  figured  extensively  for 
many  centuries  in  the  predatory  wars  of  the  Italian  States.  It  is 
an  inland  Gibraltar,  the  key  of  a  highly  productive  territory, 
stretching  from  the  foot  of  the  Lombardian  Alps  and  command- 
ing an  extensive  commerce,  the  lake,  Garda,  only  a  few  miles 
distant,  being  the  western  boundary  of  Venetia.  Brescia  is  built 
upon  the  summit  of  an  extensive  hill,  surrounded  by  three  suc- 
cessive walls,  between  each  of  which  there  are  vast  plains  suffi- 
cient for  the  encampment  of  an  army  and  for  the  maintenance  of 
herds  of  cattle  and  sheep  in  case  of  siege ;  and  from  the  centre  of 
the  city  towers  the  ancient  citadel,  commanding  every  acre  of 
ground  within  the  walls.  It  is  in  every  respect  a  remarkable 
place,  but  in  nothing  more  so  than  in  the  fact  that  something 
like  four  and  a-half  centuries  ago,  during  one  of  its  memorable 
sieges,  it  was  relieved  by  a  novel  expedition  sent  overland  by  the 
Venetians.  Immense  galleys,  fully  manned  and  armed  with  the 
ponderous  stone-throwing  artillery  of  the  period,  were  safely  con- 
veyed from  the  waters  of  the  Adriatic  over  the  plains  and  moun- 
tains of  Italy  to  the  Lake  Garda,  to  do  doughty  warfare  upon  the 
besieging  enemies  of  Brescia,  riding  quietly  at  anchor  upon  the 
waters  of  the  lake. 

The  garrison  and  the  people  of  Brescia  had  been  reduced  to 
the  direst  extremities,  and  the  Milanese  were  in  possession  of  all 
the  approaches.  The  best  engineers  of  Venice  had  discussed  for 
many  days,  in  the  presence  of  the  Senate,  a  variety  of  modes 
for  effecting  the  desired  object,  and  the  one  ultimately  adopted 
was  a  scheme  so  bold  and  novel  at  the  time  as  to  surpass  every- 
thing that  had  been  before  attempted.  Of  course  it  met  with  the 
loud  execrations  and  ridicule  of  all  the  experienced  engineers  of 
Venice.  But  the  man  who  suggested  it  was  equal  to  the  occasion 
and  knew  his  ground.  He  had  spent  many  years  in  superin- 
tending engineering  works  of  considerable  magnitude  in  the 
Venetian  territory,  and  had  also  had  some  experience  as  a  soldier, 
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and  knew  how  to  handle  troops.  He  requested  that  he  might  have 
an  interview  with  the  Doge  and  the  Council,  and  his  request  was 
granted.  He  boldly  stated  that  he  was  prepared  to  submit  a  plan 
which  would  afford  the  necessary  relief  to  the  beleaguered  city. 
The  Doge  and  the  Council  looked  upon  him  with  incredulity, 
wondering  what  fresh  proposal  could  possibly  be  made  by  one  so 
little  known.  They  saw  before  them  a  man  short  of  stature, 
with  restless  eyes  and  black  hair,  cut  short  about  his  ears,  with  a 
voice  almost  effeminate,  but  who  certainly  made  up  for  his  in- 
significant appearance  by  the  boldness  of  his  proposal.  At  a 
signal  from  the  Doge,  Sorbolo  commenced  his  speech. 

"  Most  Serene  Prince,"  said  he,  "  I  have  come  to  unfold  a  plan 
which  I  have  conceived,  whereby  you  may  afford  the  necessary 
relief  to  the  most  noble  city  of  Brescia,  by  placing  a  flotilla  of 
ships  upon  the  Lake  Garda.  It  is  well  known  that  the  passage 
by  the  Mincio  is  closed,  owing  to  the  treachery  of  the  Duke  of 
Mantua.  Therefore  there  only  remains  the  Adige  available 
for  the  purpose,  which  I  am  about  to  submit  to  this  reverend 
Assembly.  I  know  the  stream  as  well  as  I  know  the  Grand 
Canal.  In  winter  it  is  swollen  by  the  rains  from  the  mountains, 
and  is  deep  enough  for  the  passage  of  the  largest  galley,  t 
therefore  humbly  suggest  that  up  this  river  a  fleet  of  ships  should 
be  sent  to  a  point  fifty  miles  distant  from  the  Gulf  of  Venice. 
From  thence  there  is  a  long,  level  country,  across  which  it  were 
a  very  easy  task  to  carry  the  largest-sized  ships,  provided  men 
and  oxen  were  furnished.  The  chief  difficulty  which  will  beset 
the  path  is  presented  by  the  mountain  of  Peneda,  which  rises 
abruptly  to  a  considerable  height  from  the  shores  of  a  small 
lake  through  which  I  propose  to  pass.  But  this  will  not  present 
an  insurmountable  difficulty.  Having  crossed  the  mountain, 
the  Lake  Garda  is  only  twelve  miles  distant." 

The  venerable  Doge  and  the  august  members  of  the  Council 
listened  in  profound  silence  to  the  proposition.  At  first  the 
thought  occurred  that  the  proposer  must  be  mad.  But  on  finish- 
ing his  statement,  he  drew  forth  from  a  small  box  which  he  had 
brought  with  him  the  model  of  a  galley,  and  before  the  view  of 
the  whole  Assembly  placed  it  upon  a  cradle  of  the  kind  he  pro- 
posed to  construct,  on  which  to  transport  it  overland.    The  plan 


166  Corihell — A  Venetian  Ship  Railway.         [Proc  Eng.  Club, 

was  so  simple  that  the  doubts  of  the  members  of  the  College  were 
entirely  and  at  once  swept  away.  The  keel  of  the  ship  was  fast- 
ened upon  a  small  platform  furnished  with  wheels ;  and  from 
the  projecting  sides  of  the  vessel  there  dropped  pieces  of  wood, 
which  were  fastened  to  other  pieces  fixed  at  right  angles  in  the 
frame- work  of  the  keel.  Where  these  two  pieces  of  timber  joined 
to  each  other  wheels  were  placed,  so  that  the  whole  mass  could, 
by  the  appliance  of  sufficient  power,  be  drawn  along  the  ground. 

Sorbolo  was  dismissed  with  compliments  by  the  Doge,  and  the 
whole  matter  was  afterward  laid  before  the  Grand  Coimcil,  by 
whom  it  was  ultimately  adopted,  and  the  necessary  instructions 
given  for  the  preparation  of  a  fleet  suitable  for  the  enterprise. 
The  mode  of  conveyance  was  kept  a  profound  secret,  and  no  sol- 
dier knew  the  plan  until  fifty  miles  from  the  coast  Sorbolo  first 
put  it  into  use.  The  Senate  had  given  instructions  for  the  prepa- 
ration of  six  galleys,  two  of  which  were  first-rate  ships,  and  the 
remaining  four  second-rate.  In  addition  to  these  were  twenty- 
five  light  barques,  forming  a  most  useful  flotilla  for  the  purpose 
designed.  The  galleys  were  fitted  with  all  the  appliances  neces- 
sary for  a  naval  combat — with  heavy  cannon,  with  stone  balls, 
with  large  stores  of  cross-bows,  arrows,  lances  and  all  the  usual 
munitions  of  the  period  necessary  for  conflict  with  the  enemy. 

The  command  of  the  fleet  and  armament  was  given  to  Pietro 
Zeuo,  and  it  sailed  from  Venice  in  the  middle  of  December,  1438. 
On  reaching  the  mouth  of  the  Adige  ample  water  was  found  to 
float  the  vessels,  but  the  current  was  so  strong  that  it  was  neces- 
sary not  only  to  make  use  of  the  sails  and  rowers,  but  also  of 
men  with  ropes  to  assist  in  drawing  the  vessels  against  the  stream. 
This  portion  of  the  journey  consumed  one-half  the  time  occupied 
in  reaching  the  lake,  and  at  the  end  of  six  weeks  only  fifty  miles 
of  water  had  been  traversed.  Then  began  the  labor  of  transport- 
ing the  ships  across  the  land.  The  soldiers  and  mariners  were 
astounded  when  they  were  informed  by  Zeno  and  their  captains 
that  the  ships  were  to  be  transported  overland.  They  were  in- 
credulous, but  Sorbolo's  measures  were  complete.  While  the 
platforms  with  wheels  which  they  had  brought  from  Venice  were 
being  put  together,  a  channel  was  dug  in  the  bed  of  the  river  in 
which  the  frame-work  was  placed,  and  then  the  galleys  were 
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towed,  one  after  the  other,  on  their  new  cradles,  and  oxen  at- 
tached to  them  drew  them  without  difficulty  to  the  level  ground. 
Sorbolo  had  dispatched  agents  beforehand ;  and  when  the  expe- 
dition arrived  at  the  point  chosen  for  the  overland  route,  they 
found  the  fields  filled  with  oxen  which  had  been  brought  for  the 
use  of  the  Republic.  It  required  the  united  strength  of  600  oxen 
to  draw  each  galley  out  of  the  water,  but  when  they  were 
fairly  landed  and  on  their  ways,  the  largest  of  them  were 
moved  with  ease  by  300;  and  under  the  direction  of  the 
peasants  who  came  with  them,  the  oxen  did  their  work  in 
splendid  style.  Galley  after  galley  was  drawn  from  the  river  to 
the  plain,  and  when  the  six  largest  ships  stood  in  a  row,  the  ap- 
pearance which  they  presented  was  most  curious.  Their  masts 
towered  far  above  the  tops  of  the  trees  in  their  vicinity,  and  their 
huge  hulks,  bolstered  high  and  dry  upon  the  land,  were  objects 
of  astonishment  and  curiosity  to  all  who  beheld  them.  The 
ground  for  nearly  thirty  miles  of  the  remaining  fifty  was  quite 
level,  and  a  hard  frost  had  turned  the  fields  into  roads  over  which 
the  ships  passed  without  difficulty. 

The  soldiers,  divested  of  their  armor,  joined  the  mariners  and 
rowers,  and  were  separated  into  working  parties,  distributed 
among  the  galleys  and  the  barques,  each  furnished  with  levers, 
rollers,  ropes,  windlasses  and  wedges,  as  well  as  spades  and  pick- 
axes, in  sufficient  quantity  to  enable  the  men  to  rapidly  level  the 
way  before  them  as  they  progressed. 

When  the  whole  fleet  had  been  raised  from  the  river  and  placed 
on  land,  and  everything  arranged  for  an  onward  movement,  Zeno 
ordered  the  men  to  repose  for  the  night,  placing  a  strong  guard 
over  the  oxen  and  peasants  who  had  been  hired  for  the  expedition. 
But  with  the  dawn  of  day  the  passage  over  the  new-made  roads 
began.  Nearly  3,000  oxen  were  engaged  in  drawing  the  vessels, 
and  of  these  1,800  were  attached  to  the  six  largest  galleys.  The 
barques,  mounted  upon  small  wooden  carriages  of  great  strength, 
fitted  with  substantial  rollers,  gave  very  little  trouble.  The  fields 
were  covered  with  snow,  and  a  sharp  frost  prevailed,  but  the  air 
was  calm,  and  the  active  operations  in  which  the  men  were  en- 
gaged kept  them  in  excellent  health  and  spirits. 

The  first  day  passed  without  the  slightest  mischance.      In  the 
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evening,  at  sunset,  a  halt  was  called,  and  preparations  made  for  a 
substantial  meal  before  resting  for  the  night.  Then  Zeno,  in  the 
name  of  the  captains,  congratulated  Sorbolo  upon  the  complete 
success  with  which  his  plans  were  working.  Day  after  day 
passed  in  the  same  way,  without  accident  of  any  kind.  The 
passage  of  the  ships  caused  the  greatest  excitement  among  the 
peasants,  who  were  profoundly  impressed  with  the  appearance  of 
the  great  hulks  moving  over  their  fields  with  as  much  ease  as  if 
they  had  been  a  string  of  carts.  In  the  day  time  the  creaking 
of  the  wheels,  as  they  revolved  over  the  frozen  surface  of  the 
ground,  was  the  only  noise  caused  by  the  progress  of  the  expedi- 
tion, and  at  night  the  numberless  lights  and  camp-fires,  and  the 
occasional  tread  of  the  sentinels  and  patrols,  were  the  only 
noises  to  be  heard.  There  was  no  shouting,  no  hurrying  to  and 
fro,  such  as  usually  attends  the  movements  of  large  bodies  of 
men.  All  this  had  been  provided  for,  and  the  quiet  of  a  well- 
disciplined  camp  observed  throughout.  So  long  as  the  level 
ground  lay  before  them,  all  went  well ;  but  after  crossing  the 
small  lake,  which  Sorbolo  had  spoken  of  to  the  Doge  and  his 
counselors,  and  the  almost  perpendicular  sides  of  Mount  Peneda 
presented  themselves,  the  soldiers  looked  upon  the  impediment 
with  consternation,  if  not  dismay.  To  drag  the  ships  up  such  a 
place  appeared  to  them  a  task  of  ridiculous  absurdity.  But 
Sorbolo's  plans  had  compassed  every  difficulty.  They  anchored 
the  fieet  at  a  point  where  a  little  mountain  stream,  like  a  silver 
thread,  ran  in  a  narrow  gully  to  the  lake.  The  bed  of  this  gully 
was  so  small  that  only  two  men  could  walk  abreast  in  it.  The 
path  was  also  obstructed  by  the  growth  of  lofty  pines,  and  the 
mountwn  sides  were  thickly  covered  with  giant  trees.  Sorbolo 
laughed  when  he  saw  the  blank  looks  on  the  countenances  of  the 
men.  Peasants  from  the  surrounding  country  had  been  sum- 
moned in  large  numbers  with  pick-axes  and  spades.  They  were 
separated  into  detachments  and  worked  together  with  the  soldiers 
and  mariners,  under  the  direction  of  captains  selected  for  the 
task  by  Zeno  and  Sorbolo.  In  the  first  place,  the  base  of  the 
mountain  had  to  be  leveled,  because  it  rose  precipitately  from 
the  ground.  Then  the  bed  of  the  mountain  torrent  had  to  be 
widened,  and  finally  the  galleys  and  the  barques  had  to  be  drawn 
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up  the  causeway  so  constructed.  No  portion  of  this  work  daunted 
the  men  as  soon  as  they  comprehended  the  plans  of  their  leaders. 
Hundreds  of  men  with  pick-axes  soon  dislodged  the  broken 
ground  on  the  mountain  sides  in  sufficient  quantity  to  fill  up  the 
space  between  the  base  of  the  rock  and  the  shore  with  a  sloping 
causeway,  while  hundreds  of  others  were  employed  cutting  down 
the  trees  in  the  bed  of  the  little  stream  and  from  the  sides  of  the 
mountain  in  sufficient  quantity  to  form  a  continuous  causeway 
one  mile  in  length  to  the  summit  of  Peneda.  All  these  several 
operations  were  accomplished,  and  after  the  lapse  of  a  few  days 
preparations  were  finally  made  for  the  experiment.  The  levels 
of  the  roadway  were  pronounced  perfect,  and  then,  by  direction 
of  Sorbolo,  earth  was  strewn  upon  the  fallen  trees,  and  snow  was 
shoveled  upon  it,  which,  freezing  in  the  night,  consolidated  the 
foundation  over  which  it  was  designed  the  ships  should  pass- 
The  oxen  were  of  no  use  in  this  work,  and  they  were  driven 
around  the  small  lake  and  up  the  mountain  paths  to  the  summit, 
there  to  await  the  arrival  of  the  ships.  In  place  of  them  a  large 
number  of  windlasses  were  fixed  at  regular  distances  from  each 
other  on  each  side  of  the  roadway.  By  a  proper  distribution  of 
the  men  in  the  transit  of  each  vessel,  the  journey  up  the  moun- 
tain was  performed  without  any  accident.  The  ropes  which 
were  attached  to  the  windlasses  and  the  ships  were  made  for  the 
purpose,  under  the  direction  of  Sorbolo,  in  the  rope-walks  of  the 
Arsenal.  As  each  vessel,  mounted  upon  its  carriage,  started  up 
the  incline,  six  windlasses  were  brought  to  bear  at  a  time ;  and 
as  the  vessel  moved  upward,  foot  by  foot,  it  was  carefully  wedged 
so  that  it  could  not  by  any  mischance  slip  back  again.  Then, 
when  each  set  of  windlasses  had  performed  their  work,  the  ropes 
were  carried  on  and  attached  to  a  fresh  set  of  windlasses  in 
advance.  In  this  performance  the  large  vessels  gave,  as  a  matter 
of  course,  much  greater  trouble  than  the  barques.  But  owing  to 
the  completeness  of  the  arrangements,  and  the  scientific  disposi- 
tion of  the  appliances  with  which  Sorbolo  had  supplied  himself, 
the  most  difficult  portion  of  the  undertaking  was  carried  out 
with  as  complete  success  as  the  preceding  portion  of  the  journey. 
Sorbolo  superintended  every  step  himself.  He  chose  the  spots 
for  the  windlasses;  he  directed  the  width  of  the  causeway  and 
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the  slope  of  the  platform ;  he  even  determined  the  length  of  the 
ropes  which  were  attached  to  the  ships  and  the  points  to  which 
the  ropes  were  to  be  fastened.  The  detachments  of  men  who 
assisted  in  these  operations  were  drilled  in  their  special  work  by 
Sorbolo.  Each  man  knew  precisely  what  he  had  to  do,  and  when 
the  moment  came  for  action.  When  the  first  ship  was  mounted 
upon  its  carriage,  and  everything  was  ready  for  the  start,  a 
trumpet  sounded,  the  windlasses  slowly  revolved,  the  ropes  were 
strained  to  their  utmost  tension,  and  the  galley,  trembling  from 
bow  to  stern,  moved  forward  with  a  slow  and  stately  pace,  as 
though  conscious  of  the  important  share  of  the  work  it  had  to 
perform.  Slowly  the  galley  moved  up  the  steep  incline,  its  bows 
pointing  to  the  clouds  as  though  destined  for  some  voyage  above 
the  sky.  As  the  men  traveled  around  the  windlasses  they  sang 
in  chorus  their  favorite  battle-songs,  and  Zeno,  side  by  side  with 
Sorbolo,  stood  upon  a  rocky  prominence  which  overlooked  the 
passage  of  the  vessels,  and  controlled  the  movement.  At 
Sorbolo's  bidding  a  trumpet  sounded,  and  the  machinery  was 
put  in  motion ;  then  at  a  second  blast  the  men  ceased,  and  again 
at  a  third  blast  they  resumed  their  labors  and  the  galley  crept 
up  nearer  to  the  summit  of  the  mountain.  When  the  first  galley 
appeared  upon  the  crown  of  Mount  Peneda,  the  men  could  not 
resist  a  hearty  shout  of  triumph,  which  was  echoed  again  and 
again  by  the  sharp  rocks,  until  it  died  away  in  a  whisper  upon 
the  face  of  the  lake  below.  The  course  of  action  pursued  by  the 
whole  was  the  same.  The  small  barques  gave  the  men  little 
trouble,  and  when  the  whole  was  finished  and  the  fleet  rested 
triumphantly  upon  the  crest  of  the  mountain,  the  oxen  took  their 
places  again  and  the  ships  were  moved  majestically  to  the  moun- 
tain side,  from  whence  the  soldiers,  sailors  and  peasants  could  see 
plainly  far  below  them  the  clear  waters  of  the  lake.  Never 
before  or  since  had  such  a  feat  been  accomplished,  and  for  the 
first  time  in  the  world's  history  a  fleet  of  war  ships  had  ascended 
to  the  summit  of  a  mountain.  The  spot  chosen  for  the  descent 
was  one  where  the  granite  rock  had  been  in  antediluvian  ages 
polished  by  the  passage  of  icebergs  down  into  the  lake  below ; 
but  in  the  course  of  ages  masses  of  granite  falling  from  above 
had  broken  the  face  of  the  decline,  and  Sorbolo  found  it  necessary 
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to  bring  his  peasants  and  soldiers  upon  the  scene,  with  their 
pick-axes  and  spades,  in  order  to  make  a  level  road  to  the  ground 
below.  The  face  of  the  rock  was  so  precipitous  that  the  workmen 
found  no  track  or  path  upon  which  even  a  goat  could  stand.  But 
the  work  was  accomplished  in  due  time — masses  of  loose  granite 
were  dislodged  and  hurled  below,  trees  were  cut  down  and  earth 
was  shoveled  upon  them,  as  in  the  ascent.  When  all  was  ready 
the  ships  were  carefully  placed  upon  the  causeway,  but  the  work 
which  the  windlass  men  had  now  to  perform  was  exactly  the 
reverse  of  what  it  was  on  the  other  side  of  the  mountain ;  for 
whereas  it  was  by  their  efforts  previously  that  the  great  ships 
were  drawn  up  the  steeps,  now  it  required  their  utmost  skill  to 
prevent  the  huge  weights  from  being  precipitated  to  the  bottom. 
But  Sorbolo  had  fitted  the  windlasses  with  an  appliance  which 
greatly  assisted  the  men.  The  wheels  were  taken  from  under  the 
galleys,  and  as  soon  as  the  wedges  were  removed  and  the  brakes 
applied  to  the  windlasses,  each  ship  moved  steadily  downward, 
slowly  and  majestically  descending  the  steep  incline,  until  at  the 
foot  of  the  mountain  it  glided  quietly  upon  the  rollers  placed  to 
receive  it,  and  the  oxen  proceeded  with  it  as  before,  about  twelve 
miles  to  the  border  of  the  lake. 

The  abrupt  descent  was  the  only  portion  of  the  journey 
attended  with  misfortune ;  one  ship,  overbearing  the  windlasses, 
obtained  such  a  momentum  as  to  snap  all  the  ropes  asunder,  and 
dashing  madly  from  side  to  side,  fell  to  pieces  on  the  ground  at 
the  bottom.  With  this  exception,  the  whole  flotilla  traversed 
the  land  and  crossed  the.mountain  in  safety ;  and  in  February, 
1439,  every  ship  floated  in  peaceful  triumph  in  the  harbor  of 
Torbolo,  on  the  northeast  corner  of  the  lake,  three  months  only 
having  been  consumed  in  the  journey. 

Zeno  now  took  command,  and  in  order  that  he  might 
complete  his  arrangements  for  a  conflict  with  the  enemy,  he 
ordered  the  haven  to  be  strongly  defended  by  piles,  so  as  to  pre- 
vent a  surprise. 

Several  weeks  elapsed  before  the  Milanese  discovered  the  pres- 
ence of  the  Venetian  ships.  A  light  barque  which  had  been 
dispatched  from  the  opposite  side  of  the  lake  to  reconnoitre,  first 
saw  the  flotilla.    The  men  on  the  little  vessel,  when  they  saw  the 
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towering  sides  of  the  great  galleys -floating  in  the  harbor  of  Tor- 
bolo,  could  not  believe  their  own  senses.  They  fancied  at  first 
that  they  beheld  a  mirage  of  the  Milanese  fleet  which  they  had 
just  left,  and  therefore  sailed  straight  on  until  they  came  to  the 
mouth  of  the  haven  and  found  it  eflfectually  blocked  with  piles, 
from  which  they  could  distinctly  see  the  Verfetian  soldiers  on  the 
decks  of  the  ships,  and  the  flotilla  of  light  barques  anchored 
around.  They  were  filled  with  astonishment  and  awe  at  what 
they  supposed  was  a  miraculous  interposition  of  Providence,  for 
they  were  convinced  that  to  no  human  agency  could  such  a  phe- 
nomenon be  attributed.  The  Milanese  barque  hastened  back  to 
the  fleet  and  reported  to  the  commanders,  Vitaliano  and  Gio- 
vanni Gonzaga,  the  discovery  they  had  made.  The  commanders 
considered  the  report  incredible,  but  nevertheless  ordered  another 
barque  to  reconnoitre,  and  upon  its  return  with  a  confirmation 
of  the  news,  made  immediate  preparations  to  fit  their  vessels  for 
battle.  This,  however,  occupied  many  weeks,  and  in  the  mean- 
time Zeno,  having  completed  his  arrangements,  sent  out  his 
barques  to  reconnoitre.  In  the  course  of  a  few  weeks  more  the 
barques  of  the  opposing  commanders  met,  and  encounters  took 
place  which  most  frequently  resulted  in  favor  of  the  Venetians. 

Meantime  the  arrival  of  a  Venetian  fleet  upon  the  lake  was 
communicated  by  spies  to  the  citizens  of  Brescia.  But  the  news 
was  received  with  incredulity  when  the  messenger  declared  that 
the  fleet  had  crossed  the  mountain  of  Peneda,  and  the  man  was 
put  into  prison  until  the  arrival  of  a  succession  of  spies  con- 
firmed his  story.  Two  serious  obstacles,  however,  still  presented 
themselves  before  any  attempt  could  be  made  to  relieve  the  city ; 
one  was  the  fleet  of  Gonzaga  and  the  other  the  army  of  Piccin- 
ino,  which  was  encamped  between  the  lake  and  Brescia.  But 
the  presence  of  the  Venetian  fleet  operated  with  great  fear  upon 
both  commanders,  and  until  it  was  removed  very  little  progress 
could  be  made  by  either  the  Milanese  fleet  or  army. 

The  condition  of  Brescia  was  at  this  time  very  serious.  The 
food  which  they  had  was  becoming  exhausted,  and  scanty  sup- 
plies only  could  be  obtained  from  the  surrounding  country, 
owing  to  the  presence  of  the  enemy.  Still  every  week  a  certain 
quantity  of  fresh  food  was  obtained,  and  this,  combined  with  the 
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presence  of  the  Venetians  in  their  immediate  vicinity,  sustained 
the  hopes  of  the  besieged.  Dispatches  announcing  the  success 
of  the  expedition  across  the  country  to  the  lake  were  duly  re- 
ceived in  Venice,  and  in  the  beginning  of  Spring  preparations 
were  made  for  the  renewal  of  the  conflict  on  land.  The  forces  of 
the  allies  were  slow  in  assembling  together,  and  it  was  not  until 
May  that  all  was  ready.  Then  the  army  moved  forward  under 
the  direction  of  Sforza,  and  in  the  month  of  June  was  engaged 
in  active  operations  in  all  the  districts  lying  between  Venice 
and  the  Tyrolese  mountains.  The  reduction  of  the  fortress  of 
Tenna,  then  in  the  possession  of  the  Milanese,  was  absolutely 
necessary,  and  while  the  army  was  making  the  approaches  nec- 
essary to  its  investment,  the  flotilla  under  Zeno  was  holding  the 
Milanese  in  check  upon  Lake  Garda.  On  the  26th  of  September 
he  determined  to  give  them  battle,  and  leaving  his  anchorage  at 
Torbolo,  was  soon  surrounded  by  the  superior  forces  under  Gon- 
zaga  and  his  fleet  utterly  destroyed.  During  the  conflict,  how- 
ever, hundreds  of  the  Venetians  escaped  to  the  shore,  and  under 
cover  of  the  darkness  succeeded  in  penetrating  to  the  city  of 
Brescia,  taking  with  them  a  portion  of  the  stores  which  they  had 
brought  with  them. 

The  captured  ships  were  burnt  by  the  Milanese,  and  thus  per- 
ished that  fleet  which  had  performed  a  journey  unparalleled  in 
the  history  of  the  world.  The  news  of  the  disaster  was  carried 
to  Venice  by  Sorbolo  and  others,  and  the  Senate  gave  immediate 
orders  for  the  preparation  of  another  fleet  to  take  its  place,  which 
Sorbolo  had  undertaken  a  second  time  to  carry  across  the  coun- 
try and  over  Peneda  to  the  lake.  But  the  successes  of  Sforza's 
troops  rendered  the  immediate  repetition  of  the  feat  unnecessary. 
The  fleet  under  Zeno  had  held  in  check  a  large  force  of  the 
enemy,  and  its  discomfiture  now  compelled  Sforza  to  redouble  his 
exertions,  and  in  the  second  week  in  November  he  was  in  sight 
of  the  citadel  of  Tenna,  which  he  immediately  invested,  dispatch- 
ing messengers  across  the  mountains  to  Brescia,  informing  the 
garrison  of  his  approach  and  inviting  their  co-operation.  His 
messengers  found  the  Brescians  reduced  to  the  greatest  extremi- 
ties, but  his  presence  inspired  them  with  new  courage,  and  they 
were  enabled  to  contribute  a  contingent,  which  in  the  doubtful 


164  Chrthell — A  Venetian  Ship  Baihoay.         [Proc  Eng.  Club, 

crisis  of  the  battle  was  suflScient  to  turn  the  tide  of  the  conflict, 
the  Milanese  commander,  Piccinino,  escaping  from  the  fortress 
by  a  trick. 

The  next  morning  the  allies  commenced  their  operations  for 
the  siege  of  Tenna,  and  while  they  were  proceeding  Sforza  con- 
trived to  throw  supplies  into  Brescia.  Thei^e  afforded  the  unfor- 
tunate inhabitants  very  grateful  relief.  The  operations  for  the 
siege  of  the  castle  were  proceeding  when  news  reached  the  allies 
that  Piccinino  had  escaped,  and  by  a  rapid  movement  with  the 
remnant  of  his  army  had  actually  got  between  them  and  Padua, 
and  obtained  possession  of  the  important  city  of  Verona. 
This  compelled  Sforza  to  raise  the  siege  and  proceed  by  rapid 
marches  to  the  new  scene  of  conflict.  He  reached  tlie  city  in  time 
to  defeat  Piccinino  before  he  had  completed  his  arrangements  for 
his  own  security,  retook  Verona,  and  drove  out  the  whole  force 
that  the  Milanese  had  been  able  to  throw  into  the  place.  Then 
returning  by  a  series  of  rapid  marches,  reached  the  passes  of 
Tenna,  from  whence  he  dispatched  fresh  supplies  and  additional 
soldiers  to  the  city  of  Brescia.  But  he  was  unable  to  aflford  them 
permanent  relief,  and  throughout  the  remainder  of  the  winter  of 
1439  the  city  suffered  many  privations. 

Meantime  Sorbolo  had  been  busy  at  Venice,  and  early  in  the 
spring  of  1440  the  Venetians  managed  to  dispatch  another  fleet, 
larger  and  more  powerful  than  the  first,  to  the  Lake  Garda,  under 
the  command  of  Stefano  Contarini.  He  opened  the  campaign  in 
April  by  destroying  the  fleet  of  the  Milanese,  and  in  the  month 
of  June  Sforza  utterly  crushed  the  army  under  Piccinino;  and 
Brescia,  after  sustaining  a  siege  of  three  years,  was  permanently 
relieved. 

But  it  is  not  the  military  or  strategic  success  which  finally 
attended  these  engineering  operations  of  Sorbolo,  but  the  opera- 
tions themselves,  to  which  we  invite  attention — ^the  fact  that  more 
than  four  hundred  years  ago  two  formidable  fleets,  fitted  out  by 
the  leading  maritime  power  of  the  day,  loaded  with  a  complete 
armament  for  active  aggressive  operations,  were  successfully  car- 
ried over  land  and  over  a  formidable  mountain  barrier,  some 
ninety  miles  from  the  waters  of  the  Adriatic  to  the  Lake  Garda. 
Nor  was  this  accomplished  by  the  aid  of  any  of  our  modem 
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appliances — there  was  no  carefully  graded  railway,  securely  bal- 
lasted and  bridged,  provided  with  rails  of  steel  and  skilfully  con- 
structed locomotives.  The  means  at  hand  were  cordage  and 
windlasses,  oxen  and  manual  force  alone,  and  the  roadway  the 
most  primitive  imaginable. 

It  will  be  seen  from  the  Consul's  letter  that  some  of  the  vessels 
transported  overland  were  of  no  inconsiderable  size.  The  dis- 
placement of  the  largest  class,  as  near  as  can  be  estimated,  was 
over  300  tons,  or  a  gross  register  of  175  tons.  They  were  manned 
by  at  least  150  sailors,  with  probably  a  contingent  on  board  of  at 
least  150  marines. 


XXII. 

A  BOAT-TELEiMHTER. 

By  B.  Meade  Bache,  Active  Member  of  the  Club. 
Read  June  ISth,  1887. 

The  device  of  a  boat-telemeter,  illustrated  by  the  two  photo- 
graphs which  I  beg  leave  to  present  to  the  Club,  was  designed 
by  me,  and  has  been  employed  by  me  for  several  years  in  sur- 
veying such  places  as  cannot  be  otherwise  easily  reached. 

In  general  topography  it  often  happens  that  there  are  large 
tracts  where,  either  from  instability  of  ground  or  rank  growth  of 
reeds,  only  a  few  stations  are  possible.  Again,  there  are  many 
shores  where  the  outside  line  is  sedge  growing  in  mud,  through 
which  it  is  not  practicable  for  telemeter-carriers  to  wade.  There 
are  shores  in  which  the  detail  required  along  the  solid  parts  is  so 
small  as  to  require  only  stations  along  it  very  far  apart,  in  which 
case  angles  taken  to  flagged  withes  along  the  edge  of  sedge- 
grass  or  flat  would  give  very  poor  determinations.  In  any  of 
these  cases,  and  many  more,  this  kind  of  telemeter  is  most  useful. 

The  graduation  of  the  present  telemeter  is  on  a  white-pine 
board  of  five-eighths  of  an  inch  in  thickness,  reinforced  by  a  back- 
bone of  a  batten,  screwed  to  the  back,  and  running  the  whole 
length  of  the  board,  except  where  it  fits  into  the  supporting 
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stanchion.  The  stanchion  is  made  of  hickory.  This  stanchion 
ships  into  the  boat,  just  as  a  mast  is  stepped,  except  that  it  is  placed 
vertically,  as  a  mast  very  rarely  is,  and  must  revolve  easily  in 
the  step  in  the  bottom  of  the  boat.  The  prongs  into  which  the 
telemeter  fits  in  the  stanchion  are  of  different  lengths,  the  longer 
one  being  behind  the  telemeter,  so  as  to  give  the  telemeter  plenty 
of  bearing,  and  the  shorter  one  in  front,  so  as  not  to  interfere  with 
the  view  of  the  graduation  of  the  telemeter.  The  telemeter  is 
fixed  in  the  prongs  of  the  stanchion  with  a  screw-bolt  and  nut, 
and  when  not  in  use  the  parts  are  separated  and  stowed  snugly  in 
the  boat,  the  telemfeter  always  face  downward,  so  as  to  save  the 
graduation  from  injury. 

The  graduation  on  the  telemeter  shown  in  the  photographs 
represents  300  metres,  which  can,  by  "doubling  up  "  with  one  pair 
only  of  the  horizontal  wires  in  the  telescope  used  with  it,  be  made 
to  read  to  600  metres,  with  an  accuracy  up  to  the  platting  capa- 
city of  the  scale  of  i5^uV>  ^^^  for  outlines  so  indeterminate  as 
those  of  sedge-grass  and  low  flats,  with  an  accuracy  sufficiently 
great  up  to  the  scale  of  g^fVir- 

The  graduation  of  the  telemeter  is  peculiar,  and  is  strictly  in 
accordance  with  the  purpose  for  which  the  telemeter  has  been 
employed.  It  would  serve  no  good  purpose  to  graduate  every 
hundred-metre  space.  A  top  or  a  bottom  hundred-metre  space 
is  all  that  it  is  necessary  to  graduate  minutely.  In  this  case  it 
is  the  top  one-hundred-metre  space  that  is  graduated.  So  we 
have  with  that,  and  the  two  other  spaces  ungraduated,  anything 
within  100  metres;  anything  between  100  and  200  metres;  and 
anything  between  200  and  300  metres,  or,  if  we  are  "  doubling 
up,"  we  can  go  as  high  as  600  metres.  Each  of  the  two  lower 
spaces  is  subdivided  only  at  the  middle,  or  fifty  point:  thus 
affording  convenient  zero  points,  if  the  lower  part  of  the  tele- 
meter be  shut  off"  by  reeds  or  other  obstruction. 

If  it  were  attempted  to  graduate  minutely  even  the  one-hun- 
dred-metre space,  that  is  graduated  to  five  metres,  it  would  either 
defeat  the  object  in  view  of  reading  more  closely  than  at  present,  or 
else  it  would  make  the  labor  of  reading  slow.  The  graduation 
representing  one  or  two  metres  would,  in  some  conditions  of  the 
atmosphere,  be  undistinguishable.     Comparatively  few  persons 
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know  the  capacity  of  the  human  eye  to  divide  proportionally. 
The  smallest  graduation  on  this  telemeter,  to  five  metres,  or,  in 
"  doubling  up,"  to  ten  metres,  enables  a  person  using  it  to  read 
perfectly  well  within  one  or  two  metres.  With  it  lines  of  between 
500  and  600  metres  have  been  frequently  tied  on  to  each 
other,  coming  out  with  great  accuracy.  If,  on  the  contrary,  it 
had  been  graduated  to  one  or  two  metres,  it  would  often,  at  long 
distances,  have  been  impossible  to  read  it  with  accuracy.  Just 
opposite  to  the  fiftieth  metre,  on  the  uppermost  one-hundred- 
metre  space,  is  a  patch  of  black,  to  direct  the- eye  to  the  middle  of 
that  space.  The  general  marking  of  the  telemeter  is  in  black, 
and  the  marking  of  the  fifty-spaces  and  the  five-spaces,  in  ver- 
milion. 

In  one  of  the  photographs  the  boat  is  seen  in  position,  on  an 
edge  of  sedge-grass,  with  the  staff  prepared  to  be  read.  The  ope- 
rator at  the  instrument  waits,  if  the  wind  is  not  unfavorable  to 
his  hearing,  until  he  hears  a  signal-whistle.  He  then  for  the  first 
time  looks  toward  the  boat,  and  takes  the  distance  in  an  instant, 
and  the  sketcher,  in  the  bow  of  the  boat,  proceeds  with  his  draw- 
ing. Often  the  chief  of  a  party,  while  going  to  work  along  shore, 
can  make  his  sketch  of  such  a  place,  leaving  white  muslin  tags 
tied  to  the  grass  or  reeds.  Afterward,  when  he  is  at  a  station, 
the  boat  can  go  with  the  telemeter  to  the  places  where  the  tags 
have  been  left. 

I  have  been  using  this  apparatus  for  several  years.  Many 
places  on  Delaware  River  and  Bay  could  not  have  been  ac- 
curately mapped  without  it,  except  through  an  expenditure  of 
labor  and  time  wholly  disproportioned  to  the  importance  of  the 
topographical  features  to  be  obtained. 
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XXIII. 


CEMENT  TESTS. 

By  J.  £.  Codman,  Active  Member  of  the  Club. 
Bead  November  19th,  1887. 

During  the  past  summer  I  had  under  my  direction  the  con- 
struction of  a  long  retaining  wall,  built  of  rubble  masonry,  sup- 
porting a  high  bank  of  earth.  The  specifications  required  the 
mortar  to  be  composed  of  "  Portland  cement "  and  bar  sand  in 
the  proportion  of  one  of  cement  to  two  of  sand. 

For  the  purpose  of  testing  the  cement  I  constructed  a  tempo- 
rary testing  machine  consisting  of  scale  beam  and  box  contain- 
ing sand ;  this  was  arranged  in  such  a  manner  that  the  sand 
could  be  run  slowly  into  an  iron  box  suspended  on  the  scale 
beam,  and  a  strain  brought  slowly  upon  the  cement  briquette; 
after  the  fracture  of  the  briquette  the  sand  was  carefully  weighed 
and  the  weight  multiplied  by  the  relative  leverage  for  the  tensile 
strength  of  the  cement.  The  form  of  briquette  is  shown  in  the 
accompanying  diagram,  marked  No.  1. 
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A  Fairbanks  testing  machine  was  afterwards  procured,  from 
which  samples  of  the  same  cement  were  tested. 

The  form  of  briquette  used  with  this  machine  is  shown  on  the 
diagram,  marked  No.  2. 

The  following  tables  show  the  results  obtained  from  different 
brands  of  cement  and  diflferent  forms  of  briquettes. 

It  is  to  be  observed  that  those  tests  marked  "  crushed  "  the  bri- 
quette did  not  break,  but  seemed  to  split,  as  shown  by  the  dotted 
line  on  the  diagram.  All  of  the  briquettes  were  made  of  pure  cement. 

Brand  of  Cement.    Test  No.  1. 


Days  old. 


15 
16 
10 
10 


Saylor's  Allentown  Portland. 


Set  in  water 


Strength 

per 
sq.  in. 


303 
264 

275- 


Bemarks. 


Brand  of  Cement.     Test  No.  2. 


HoLLicK  Imported  PoRTLAiim.    (English.) 


Days  old. 


12 
13 
12 
16 


Strength 

per 
sq.  in. 


Set  in  water 

K 


391 
402 
391 
357 


Remarks. 


Brand  of  Cement.    Test  No.  3. 

JossEN  Imported  Portland.    (English.) 


1 

Strength 

Days  old. 

1 

per 

Remarks. 

sq.  in. 
391 

13 

Set  in  water 

• 

13 

1 

t( 

479 

12 

1 

K 

622 

12 

1 

(1 
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Brand  op  Cement.    Test  No.  4. 

Saylob's  Aixentown  Portland. 


Days  old. 

Strength 

per 
sq.  in. 

Remarks. 

17 
18 
18 
18 
20 
20 
20 
20 

Set  in  water 

332 
540 
352 
375 
325 
268 
318 
268 

Crushed, 
do. 

Brand  op  Cement.    Test  No.  5. 

HoLLiGK  Imported  Portland.    (English.) 


Days  old. 

Strength 

per 
sq.  in. 

Remarks. 

19 
19 
18 
18 

Set  in  water 

u 

482 
440 
335 
350 

Days  old. 


Brand  of  Cement.    Test  No.  6. 

JossEN  Imported  Portland.    (Englibh.) 


Strength 

per 
sq.  in. 


Remarks. 


18 
16 
19 
19 
16 
16 
16 
16 
16 


Set  in  water 
(I 

u 

it 

u 
u 
u 
ti 


780 

—       !    Crushed. 


500 

430 

1    Crushed. 

730 

1 

545 

Crushed. 

? 

Not  broken  with  97& 

780 

pounds  pull. 

775 

i 

Tests  Nos.  1,  2,  3  were  made  with  the  temporary  machine  and 
using  the  briquette  shown  on  the  diagram,  marked  No.  1.  Tests 
Nos.  4,  5,  6  were  made  on  a  Fairbanks  machine,  using  the  form 
of  briquette  shown  on  the  diagram,  marked  No.  2. 

Attention  is  called  to  the  fact  that  in  using  the  form  of  briquette 
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marked  No.  1,  a  greater  proportion  of  specimens  broke  at  the  least 
cross  section,  the  specimen  No.  2  either  splitting  or  breaking 
above  the  least  cross  section.  The  general  results  obtained  were 
remarkably  good.  Attention  is  also  directed  to  the  want  of  uni- 
formity in  the  published  tests  of  this  kind,  the  character  of  the 
machine  upon  which  the  tests  are  made,  the  form  of  briquette, 
conditions  of  the  test,  all  of  which  seem  to  be  according  to  the 
individual  interests  at  stake  in  making  them.  Much  better  re- 
sults for  practical  use  could  be  obtained  if  a  better  system  for 
conducting  this  class  of  observation  were  adopted. 


DISCUSSION  BY  A.  MARICHAL. 

Among  the  test  pieces  presented  to  the  Club  by  Mr.  Codman 
there  is  one,  he  says,  which  did  not  break  under  a  pull  of  nearly 
1000  pounds  per  square  inch.  Some  members,  not  very  well 
posted  on  the  properties  of  cement,  may  suppose  that  it  must  be 
an  eitra  good  cement  for  masonry  work;  it  would  be  a  great 
mistake,  and  I  dare  to  say  that  a  cement  with  lower  tensile 
strength  would  very  likely  be  much  better. 

My  assertion  is  not  based  upon  any  theory,  but  upon  exten- 
sive experiments.  During  the  year  1881,  I  had  to  construct  a 
great  number  of  sewers  in  Belgium,  and  I  made,  for  my  own 
satisfaction,  complete  tests  of  French,  English  and  German 
cements.  I  am  sorry  that  at  the  time  I  did  not  think  that  I 
should  have  to-day  the  pleasure  to  talk  before  you  on  the  subject 
of  cements,  otherwise  I  would  have  kept  a  record  of  said  tests, 
and  have  presented  to  you  some  figures  which  would  convince 
you  upon  the  correctness  of  my  assertion. 

What  I  am  able  to  say  is  that  a  test  of  pure  cement  is  of  no 
practical  value  in  determining  the  quality  of  a  cement  which 
has  to  be  mixed  with  sand  when  you  want  to  use  it.  If  you 
desire  to  know  the  value  of  a  cement  to  be  used  with  two  or  three 
parts  of  sand,  test  it  with  two  or  three  parts  of  sand,  and  you  will 
be  able  to  judge  of  its  merits  for  the  work  for  which  it  is  intended. 

I  have  tested  some  French  cements  ground  so  fine  that  it 
would  leave    a    residuum  of  only  five    to  eight    per  cent,  in 


172 


Codman — Cement  Tests — Discussion.        [Proc  Eng.  Club, 


a  sieve  of  30,000  meshes  per  square  inch.  This  cement  had  com- 
paratively a  low  tensile  strength  when  tested  pure,  but  had  an 
extraordinary  high  tensile  strength  when  mixed  with  two  or  three 
parts  of  sand.  On  another  hand,  some  English  cement  ground 
verj^  coarse  would  give  a  very  high  result  when  tested  pure,  and 
a  very  low  result  when  tested  with  sand.  I  found  that  generally 
English  cement  was  coarser  than  German  cement,  and  that  the 
latter  was  a  very  good  one  to  be  used  in  masonry  work  when  it 
has  to  be  mixed  with  sand. 

There  is  another  point  which  should  not  be  overlooked  when 
judging  of  a  cement;  it  is  the  tendency  that  said  cement  has  to 
crack  when  it  contains  unslacked  lime.  A  cake  should  be  placed 
in  water  immediately  after  setting,  and  should  be  observed  daily 
in  order  to  see  whether  cracks  appear  on  the  edges,  in  which 
case  the  cement  would  be  unfit  for  immediate  use. 

Mr.  Codman  says  that  most  of  his  test  pieces  did  not  break  at 
the  smallest  section.  The  shape  of  test  pieces  I  used,  and  which 
is  sketched  below,  did  not  give  me  any  trouble,  and,  with  very 
few  exceptions,  all  the  pieces  were  broken  at  the  required  places. 
Test  pieces  of  16  square  centimeters,  and  nine  square  centimeters 
in  section,  gave  practically  the  same  result. 
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THE  PALMETTO  RAILROAD. 

A  LINK  IN  THE  METROPOLITAN  LINE. 

By  P.  T.  OsBOBNE,  Active  Member  of  the  Club. 
Bead  Deeember  3d,  1887. 

Many  efforts  have  been  made  to  shorten  the  mileage  on  the 
Southern  routes,  to  bring  into  closer  connection  the  owners  of  the 
grand  mineral  and  agricultural  regions  of  the  "  New  South  "  with 
their  appreciative  brethren  of  the  Northern  States,  who,  by  the 
introduction  of  their  capital  and  business  qualifications,  have 
awakened  the  zeal  and  energy  of  the  Southern  people,  which  is 
the  sure  promise  of  a  glorious  future  for  both  North  and  South, 
blending  all  interests  together  and  making  a  Union  that  will 
need  no  constitutional  bond. 

The  Metropolitan  Line. 

The  Metropolitan  Line,  the  direct  route,  was  long  since  advo- 
cated by  Moncure  Robinson,  Esq.,  an  Honorary  Member  of  this 
Society. 

The  Palmetto  Railroad. 

The  Palmetto  Railroad,  an  important  link  in  this  line,  has 
been  lately  completed  under  Chief  Engineer,  Wm.  Moncure,  Esq  , 
from  Hamlet  to  Cheraw,  18 J  miles. 

As  engineer  in  charge  of  this  portion  I  desire  to  exhibit  a 
skeleton  map,  showing  the  554  miles  of  this  main  route,  extend- 
ing from  Washington,  through  Richmond,  Petersburg,  Raleigh 
and  Columbia  to  Augusta,  Ga.,  and  to  call  your  attention  to  its 
directness. 

The  links  unconstructed  in  this  route,  in  May  of  last  year,  were 
from  Petersburg,  Va.,  to  Ridgeway.  N.  C,  about  75  miles;  from 
Hamlet,  in  North  Carolina,  to  Cheraw,  in  South  Carolina,  18  miles, 
and  its  extension  of  87  miles  to  Columbia,  S.  C,  making,  with  78 
miles  from  Columbia  to  Augusta,  Ga.,  a  total  distance  of  258 
miles  to  complete  this  route. 
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The  link  from  Hamlet  to  Cheraw  was  important  by  reason  of 
the  connection  made  at  Hamlet  with  the  Carolina  Central,  lead- 
ing to  the  port  of  Wilmington,  N.  C,  with  the  Raleigh  and 
Augusta  and  its  junction  lines,  the  Raleigh  and  Gaston,  and  the 
Seaboard  and  Roanoke  to  Portsmouth  and  Norfolk,  opening  new 
markets  for  cotton  and  tobacco  for  large  districts  that  were  before 
chiefly  confined  to  the  Charleston  market. 

At  Cheraw,  the  Palmetto  Road,  opened  in  September  of  this 
year,  connects  with  the  Cheraw  and  Darlington,  40  miles  long,  to 
Florence,  where  a  junction  is  made  with  roads  to  Wilmington, 
Charleston  and  Columbia,  and  with  the  Cheraw  and  Salisbury,  25 
miles  to  Wadesboro,  on  the  Carolina  Central  Railroad.  Both 
these  roads  running  from  Cheraw  belong  to  the  Atlantic  Coast 
Line  system. 

Pee  Dee  Bridge. 

The  chief  feature  of  this  Palmetto  road  is  the  bridge  that  car- 
ries it  over  the  Great  Pee  Dee  River,  near  Cheraw,  with  an  iron 
superstructure  of  614  feet,  and  piers  from  50  to  60  feet  in  height. 

It  is  a  thorough  bridge,  Pratt  truss,  and  was  rapidly  and  effi- 
ciently erected,  by  the  Phoenix  Bridge  Company,  in  50  days. 

The  falseworks,  used  under  one  span  at  a  time,  contained  some 
90,000  feet  B.  M.  After  the  falseworks  were  in  position  a  span  of 
150  feet  could  be  erected,  without  the  floor  system,  in  a  day  and 
a  half,  with  the  assistance  of  a  hoisting  engine. 

Trestle. 

The  eastern  trestle  approach  is  2,800  feet  long,  and  the  western 
1 ,200,  a  total  of  4,000  feet  of  trestle  work  crossing  the  river  bottom 
lands,  which  are  more  or  less  covered  with  water  during  freshets. 
The  height  of  trestle  varies  from  10  to  30  ft. 

Piers. 

The  bridge  rests  upon  five  granite  piers,  from  50  to  60  feet  high, 
most  of  the  stone  for  which  was  brought  160  miles  by  rail,  from 
the  quarry  of  P.  Linehan  &  Co.,  on  the  Raleigh  &  Gaston  Rail- 
road. It  is  an  excellent  quality  of  granite,  splitting  readily  by 
wedges  into  large  blocks. 
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The  contractors  for  the  masonry  were  Lamkin  &  Co.,  in  1884-5, 
and  P.  Linehan  &  Co.,  who  completed  the  piers  this  year. 

The  work  was  expedited  by  the  use  of  a  wire  cable  stretched 
across  the  river,  on  which  moved  a  "  traveler  "  to  carry  stone  and 
cement. 

A  depth  of  37  feet  was  excavated  to  reach  solid  rock  foundations 
for  the  two  shore  piers.  There  are  2,000  cubic  yards  in  the  five 
piers. 

The  stone  was  laid  in  Rosendale  cement,  in  the  proportion  of 
one  of  cement  to  one  of  sand  for  the  outside  course,  and  one  to 
two  for  the  interior,  which  set  well  and  made  good  bond. 

That  part  of  the  masonry,  built  by  Linehan  &  Co.,  about  1,400 
cubic  yards,  was  completed  in  12  weeks. 

The  road  itself  is  well  constructed  through  a  sandy  soil,  fully 
drained,  has  50  pound  steel  rails  of  the  Cambria  Company's 
make,  laid  on  2,640  ties  per  mile,  fastened  with  angle  and  plain 
bars,  and  has  the  Verona  nut-lock. 

The  sharpest  curvature  in  its  main  line  is  four  degrees,  72  per 
cent,  of  the  line  being  straight.  The  ruling  grade  is  52-]^  feet 
per  mile,  undulating. 

The  completion  of  this  short  link,  with  its  important  bridge 
over  the  Pee  Dee  River,  has  created  a  strong  desire  in  the  people 
throughout  the  country,  from  Cheraw  to  Columbia,  to  have  that 
extension  soon  built. 

Virginia  and  Carolina  Railroad. 

The  line  between  Petersburg  and  Ridgeway  has  been  already 
commenced,  and  is  in  the  hands  of  gentlemen  interested  in  its 
completion  and  able  to  secure  the  same. 

That  part  of  this  route,  called  the  Richmond,  Fredericksburg 
&  Potomac,  is  the  most  important  link  between  the  Northern 
and  Southern  Railroad  systems. 

By  reference  to  the  map  it  will  be  seen  that  this  route  is  the 
direct  line  from  Washington  to  Augusta,  Ga.,  connecting  the 
capital  of  the  United  States  with  the  capitals  of  Virginia,  North 
Carolina  and  South  Carolina  and  at  Augusta,  making  junction 
with  lines  running  to  the  most  important  cities  of  the  far  South. 
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THE  UNACCOUNTABLE  DEFICIENCY  IN  THE  TRACK  OF 

AMERICAN  RAILWAYS. 

By  B.  B.  Osbobne;  Active  Member  of  the  Club. 
Read  December  Sd,  1887. 

Every  engineer,  civil  or  mechanical,  in  this  country  is  aware  of 
the  facts  which  I  desire  briefly  to  allude  to  in  this  paper.  It 
seems  unaccountable  then  that  the  utilitarian  and  inventive 
geniuaofthe  American  people  should  not  have  deduced  from 
these  facts  the  necessity  of  improvement,  and  that  the  constructors 
and  operators  of  our  railroads  should  be  willing  to  go  on  in  the 
same  old  rut,  seemingly  oblivious  that  the  eflSciency  of  our  loco- 
motives and  other  rolling  stock  is  kept  thereby  from  the  full  ex- 
ercise of  their  powers,  and  that  profits  are  from  the  same  cause 
diminished. 

The  subject  which  has  called  forth  these  remarks,  and  which 
I  desire  now  to  submit  to  the  members  of  this  Society,  is  the 
persistent  use,  in  the  United  States,  of  the  old  hook-headed  spike 
to  fasten  the  rails  to  the  cross-ties. 

For  many  years  my  individual  eflForts  have  been  directed  to 
the  advocacy  of  a  departure  from  this  practice,  so  far,  at  least,  as 
the  roads  with  which  I  was  connected  were  concerned ;  but  all 
these  efforts  were  frustrated  by  the  impatience  of  directors  to  get 
their  lines  opened  for  traflSc,  and  by  the  unwillingness  of  manu- 
facturers to  countenance  any  change  that  would  necessitate  the 
alteration  of  their  established  plant. 

The  old  hook-headed  spike  is  an  abortive,  unmechanical  and 
too  temporary  expedient,  unsuitable  for  use  on  what  purports  to 
be  finished  and  permanent  work.  Driven  by  heavy  hammers  into 
the  cross-ties  it  crushes  the  timber,  and  leaves  around  it  a  crippled 
fibre  of  wood,  which  water  will  follow,  producing  interior  decay. 
These  spikes  do  not  permanently  fasten  the  rails  to  the  cross-ties. 

Walk  over  any  of  our  railroad  tracks  and  you  will  find  many 
of  the  spike-heads  from  ^^g^  to  i  of  an  inch  above  the  bases  of  the 
rails ;  this,  of  course,  is  proportioned  to  the  incompleteness  of  the 
supporting  ballast,  caused  much  by  its  unequal  depression  into 
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the  softer  material  underneath.  As  the  spaces  between  the  rail 
and  spike-heads  increase,  the  hammer  is  again  applied  to  drive 
the  spikes  home,  but  their  hold  in  the  timber  is  less  than  it  was 
at  first,  and  each  succeeding  time  they  lose  more  of  their  power 
as  a  fastener. 

These  spaces,  caused  by  the  drawing  of  the  spikes,  are  the 
measures  of  the  rise  and  fall  of  the  rails  on  the  cross-ties,  under 
the  action  of  the  trains,  and  are  injurious  in  proportion  to  the 
speed  and  weight  of  trains.  It  is  this  injury,  and  not  decay,  that 
on  roads  of  very  heavy  tonnage  puts  a  limit  to  the  life  of  the 
cross-ties. 

These  spaces,  too,  are  the  cause  of  the  rattle  and  noise  to  which 
we  are  so  much  accustomed  that  it  does  not  attract  our  attention 
much,  but  which  foreign  visitors  always  notice.  It  is  new  to 
them,  because  the  law  of  England,  and  I  believe  of  other  Euro- 
pean countries,  forbids  the  use  of  these  fastenings,  except  for  tem- 
porary tracks  on  contractors'  work. 

The  track  of  a  railroad  is  a  part  of  the  mechanism  that  consti- 
tutes a  railroad,  and  a  most  important  part  too.  Any  deficiency 
in  it  detracts  from  the  efficiency  of  its  rolling  stock,  and  produces 
"  wear  and  tear  "  on  the  whole  machine. 

What  is  the  remedy  ?  Others  have  been  taught  by  experience 
how  to  solve  the  problem.    Shall  not  we  learn  from  it  also  ? 

The  simple  cure  of  all  the  evil  is  to  lock  the  tie  and  raU  to- 
gether, and  hence  this  fastening,  which  I  now  submit  to  you,  has 
been  named  the  "  Tie  Lock,"  as  a  fit  and  distinguishing  title. 
It  is  covered  by  no  patent,  and  is  submitted  to  the  profession 
for  suggestions  in  its  minor  details  that  may  make  it  more  per- 
fect. The  proposer  is  in  no  way  interested  in  its  manufacture  or 
adoption  beyond  a  desire  to  see  it  proved,  believing  that  it  will 
be  found  most  beneficial  to  our  railroads. 

Since  our  Centennial  celebration  and  the  reciprocal  communi- 
cation produced  by  it  between  the  two  countries,  America  has 
willingly  learned  some  good  lessons  from  Old  England.  Is  it  not 
unaccountable  that  her  experience  in  railroad  track,  in  this  par- 
ticular, should  have  been  totally  disregarded  by  us  ? 

England  has  received  a  very  full  return  for  all  we  have  learned 

from  her,  from  the  introduction  of  very  many  of  our  American 

improvements.- 
VOL.  vr.  —12. 
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The  eflforts  requisite  to  overcome  the  national  prejudice  of  the 
English  against  anything  emanating  from  outsiders,  has  gradu- 
ally given  way  before  the  inventive  genius  of  America,  always 
progressive  and  utilitarian.  We  have  no  space  to  enumerate  the 
great  number  of  our  improvements  which  we  have  sent  to  our 
European  friends. 

From  the  steam-winged  messengers  that  draw  their  trains 
3,000  miles  across  our  continent ;  from  our  palace  cars  that  make 
long  travel  a  pleasure,  and  locomotion  a  recreation  and  rest; 
from  our  American  bridges  that  throw  their  light,  strong  and 
economical  spans  across  our  wide  streams,  and  from  our  extended 
roofs,  that  with  graceful  sweep  cover  the  large  areas  of  our  rail- 
road depots,  down  the  long  list  of  inventions,  even  to  the  uniform, 
choice  and  convenient  hardware  used  in  the  erection  of  our 
dwellings,  all  have  been  recognized  or  adopted  by  the  good 
people  of  England  and  most  of  the  other  countries  of  the  old  world. 
We  have  paid  our  debt  to  England  for  all  we  have  learned  from 
her  with  compound  interest. 

The  English  plan  of  fastening  the  rails  to  the  cross-ties  consists 
of  bolts  that  pass  through  the  base  of  the  rails  (of  similar  pattern 
to  ours),  and  through  the  tie,  secured  by  nuts  under  its  base, 
which  have  on  the  corners  that  are  next  to  the  tie  little  projec- 
tions which,  pressed  into  the  timber,  prevent  any  revolution  of 
the  nut.  The  bolt  is  screwed  from  the  surface  above,  and  the 
nut  can  easily  thus  be  kept  in  close  contact  with  the  solid  timber 
of  the  tie,  as  its  base  softens  by  decay.  This  eflfectually  prevents 
the  rail  from  separating  from  the  tie,  and  if  there  should  occur 
a  lifting  or  depression,  both,  as  one  body,  are  subject  to  the  same 
simultaneously. 

The  English,  as  you  are  aware,  use  also  the  double-headed 
rail,  with  heavy  cast  iron  chairs  on  each  tie,  and  fastened  with 
wooden  wedges  and  treenails.  This  system  is  a  greater  error, 
and  still  more  unaccountable,  than  our  persistent  use  of  the  old 
hook-headed  spike. 

I  submit  a  drawing  of  the  English  fastening  modified  to  suit 
the  requirements  of  our  rails.  I  have  endeavored  for  many 
years  to  have  it  adopted  on  the  roads  I  have  constructed,  but  an 
individual  opinion  seemed  unable  to  prevail  against  prejudice. 
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This  fastening,  you  will  observe,  needs  no  opening  in  the  base 
of  the  rail,  but  by  a  hooked-head  terminating  in  an  oblong,  the 
bolt  can  be  operated  from  the  track  surface.  The  ties  are  bored 
by  machinery  to  receive  the  bolts,  which  insures  an  accurate 
gauge  of  track,  the  nuts  can  be  put  in  place  before  the  ties  are 
laid,  and  the  bolts  be  screwed  down  by  a  wrench  from  above. 
These  fastenings  are  easily  removed  for  necessary  repairs,  and 
are  not  subject  to  waste  and  breakage  like  the  spike,  and  they  go 
back  without  force  into  their  positions.  These  bolts  of  half-inch 
round  iron  will  be  40  per  cent,  heavier  than  the  usual  5^  inch 
by  -^  hook-headed  spike.  A  thread  of  sixteen  to  the  inch,  and 
well  defined,  is  recommended,  extending  up  some  3f  inches 
from  the  end. 

A  railroad  with  such  a  track  fastening,  it  is  believed,  would 
reach  that  state  of  perfection  which  the  superior  superstructure 
of  hard  wood  ties  renders  possible.  It  would  add  greatly  to  the 
comfort  of  the  traveling  public,  and  largely  decrease  annual 
expenses. 

I  respectfully  submit  this  matter  to  the  President  and  mem- 
bers of  the  Engineers'  Club  of  Philadelphia,  suggesting  that 
their  endorsement  of  the  facts  and  views  generally  herein  con- 
tained, coupled  with  an  oflBcial  authority  to  our  worthy  Secre- 
tary to  lay  it  before  the  other  societies  of  engineers  of  this  coun- 
try, would  open  the  way  to  a  full  discussion  of  the  subject,  which, 
it  is  hoped,  would  result  in  such  an  unanimity  of  professional 
opinion  thereon,  that  our  railroads  would  ultimately  be  afforded 
the  benefit  of  an  improved  track  fastening. 


XXVI. 

BOILER  SPECIFICATIONS. 

By  G.  G.  Dabbach,  Active  Member  of  the  Club. 
Bead  November  bth,  1887. 

In  the  present  age,  when  steam  is  such  an  important  factor  in 
manufactures,  as  well  as  in  producing  the  comforts,  and  I  might 
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say,  the  necessities  of  civilized  life,  no  doubt  every  one  of  our  pro- 
fession, practicing  as  an  engineer  or  architect,  has  been  called  upon 
by  his  clients  to  make  specifications  and  superintend  the  erection 
of  steam  plants. 

Like  all  other  specialities  there  are  numerous  forms  of  boilers 
in  the  market,  the  best  of  which  are,  as  a  rule,  protected  by  patents. 
The  engineer  or  architect,  as  a  rule,  decides  upon  one  of  the  old 
forms  of  boiler,  or  adopts  that  patented  form  which,  in  his  judg- 
ment, he  considers  the  best.  If  the  former  selection  is  made,  the 
client  does  not  always  receive  the  best  that  can  be  produced ;  and 
if  the .  latter,  all  parties  except  the  patentee  are  debarred  from 
bidding  upon  the  work. 

Each  patentee  claims  that  his  boiler  is  the  best,  and  as  a  gene- 
ral rule,  the  boiler  that  is  accepted  is  accepted  upon  its  reputation, 
or  upon  the  consideration  of  price.  Scientific  and  practical 
boiler  tests,  compelling  the  builder  to  come  up  to  the  letter  of  his 
promises,  are  rarely  made,  and,  unfortunately,  the  economy  of 
the  boiler  is  not,  as  a  general  rule,  considered  as  a  factor  in  the 
equation  of  the  bids.  That  it  should  be  is  hardly  necessary  for 
me  to  say,  since  a  difference  of  ten  per  cent,  in  the  economy  of 
the  boiler  will  generally  cover  the  interest  on  first  cost. 

In  order  to  bring  this  matter  before  the  Club,  and  to  get  your 
criticisms  upon  it,  following  you  will  find  a  general  specification 
for  boilers  which  requires  the  bidder  to  state,  not  only  the  price 
for  the  entire  work,  including  boiler,  setting,  fixtures,  etc.,  but 
also  the  economy  and  capacity  that  he  will  guarantee. 

The  specifications  state  the  minimum  amount  of  water  to  be 
evaporated,  and  require  that  the  contractor  will  make  good  his 
promises.  In  my  judgment,  the  purchaser  as  well  as  the  manu- 
facturer of  the  boiler  is  thoroughly  protected  by  the  specifi- 
cations. 

It  is  evident  to  all  of  you  that  to  make  an  intelligent  compari- 
son of  the  value  of  various  steam  plants,  and  to  fully  understand 
which  is  the  most  advantageous  bid,  the  price  of  the  plant  must 
include  the  cost  of  everything,  from  the  feed-water  to  the  blow- 
off  and  to  the  steam  outlet,  as  well  as  everything  from  the  furnace 
door  to  the  top  of  the  stack ;  and  in  making  an  equation  of  the 
bids  the  economy  of  the  boiler  must  be  considered. 


k 

I 
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SPECIFICATIONS 

FOR 

Boilers,  etc.,  etc., 

AT 


The  contract  must  include  furnishing  and  setting  the  boilers 
ready  for  use,  the  main  flue  from  boiler  to  stack, 


It  must  also  include  one  injector,  feed  pumps,  such  pipes,  valves 
and  fixtures  as  are  herein  specified,  and  a  full  and  complete  set 
of  firing  tools. 

Bidders  must  be  practical  and  responsible  boiler  builders,  and 
will  be  required  to  give  satisfactory  security  to  the  full  amount  of 
the  contract  for  the  faithful  performance  of  the  work. 

All  materials  and  workmanship,  and  the  fixtures,  must  be  of 
the  best  of  their  respective  kinds,  and  will  be  subjected  to  such 
test  as  the  engineers  and  architects  may  decide. 

Bidders  will  be  required  to  furnish  with  their  proposal  de- 
tailed figured  plans  for  boilers,  settings,  flues,  pumps,  general 
arrangement,  etc.,  etc.,  including  working  drawings  of  boilers, 
setting  and  foundations,—  _  _  . 


also  specifications  which  must  include  the  following  items: 

General  description  of  boiler  and  accompaniments. 

Kind  and  quality  of  the  material  to  be  used  in  the  various  parts 
of  boilers  and  settings,  and 

Evaporative  economy — pounds  of  water  evaporated  per  pound 
of  combustible,  from  and  at  212  degrees  Fahrenheit,  burning  an- 
thracite pea  coal. 

Capacity  of  each  boiler — pounds  of  water  evaporated  per  hour 
into  dry  steam,  from  and  at  212  degrees  Fahrenheit ,  burning 
anthracite  pea  coal. 
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Grate  surface,  each  boiler — square  foot. 
Heating  surface,  each  boiler,         " 
"  in  tubes,  " 

"  in  shell, 

"  in  fire  box,       .  " 

Steam  space,  each  boiler,  cubic  feet. 
Size  and  full  description  of  heater. 

"  feed  pumps. 

"  injectors. 

"  stack  required. 

General  Description. 

The  boilers  and  fixtures  must  stand  a  safe  working  pressure  of 
not  less  than pounds  per  square  inch. 

Each  boiler  must  be  capable  of  evaporating  not  less  than 

pounds  of  water  per  hour  from  and  at  212  degrees  Fahren- 
heit, using  anthracite  pea  coal,  the  gases  being  delivered  to  the 
stack  as  shown  on  drawing  No. 

Boiler  Setting. 

The  brickwork  of  the  boiler  setting  must  be  of  the  best 
quality  straight  hard  brick,  properly  laid  with  headers  when 
required. 

The  top  of  the  boilers  must  be  covered  with  a  horizontal  pave- 
ment of  best  paving  brick,  or  concrete,  and  the  exposed  portions 
of  the  walls  laid  with  straight  hard  brick, 


The  front,  back,  side  and  partition  walls,  and  the  covering  of 
the  boilers,  as  well  as  the  side  walls  and  covering  of  the  main  flue, 
must  be  built  with  air  spaces  at  least  one  and  one-half  inches 
wide,  to  prevent  radiation  of  heat. 

The  boiler  chamber  of  internally  fired  boilers  must  be  lined 
with  good  quality  fire  brick. 

The  boiler  chamber  of  externally  fired  boilers  must  be  lined 
throughout  with  the  best  quality  fire  brick,  well  bonded  into  the 
side  walls,  and  no  cut  bricks  will  be  allowed  in  the  furnaces. 
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Bridge  walls  must  be  built  of  fire  brick  tiles. 

The  fire  brick  must  be  laid  with  fire  clay  and  grit. 

The  combustion  chamber  and  ilues  for  the  passage  of  gases 
must  be  large. 

Each  boiler  must  be  provided  with  appropriate  cleaning  doors, 
man -holes,  etc.,  and  so  arranged  as  to  be  readily  cleaned  or  re- 
paired. 

Externally  fired  boilers  must  be  provided  with  full  cast  iron 
fronts,  fire  and  ash  doors. 

Cylindrical  boilers  must  be  best  quality  steel,  the  lower  sheet 
of  externally  fired  cylindrical  boilers  must  be  without  seams,  and 
must  extend  beyond  the  front  head  to  the  cast  iron  front. 

Sectional  boilers  must  be  provided  with  ample  steam  drum  to 
prevent  priming. 

Quality  of  Material  to  be  Used  in  Boilers. 

All  steel  plates  used  in  constructing  the  boilers  must  be  made 
of  homogeneous  open  hearth  steel,  stamped,  showing  brand  of 
steel,  name  of  makers,  and  must  be  of  not  more  than  sixty 
thousand  pounds,  nor  less  than  fifty-five  thousand  pounds  tensile 
strength  per  square  inch,  and  have  an  elastic  limit  of  not  less 
than  thirty  thousand  pounds  per  square  inch. 

The  test  pieces  under  tension  must  show  an  elongation  of 
not  less  than  twenty  per  cent,  in  a  length  of.  twelve  diameters, 
with  a  reduction  of  area  of  not  less  than  thirty-five  per  cent. 

In  determining  the  ductility,  the  elongation  shall  be  measured 
after  breaking  on  an  original  length  of  twelve  times  the* 
shortest  dimension  of  the  test  piece,  which  must  include  the 
curve  of  the  reduction  on  both  sides  of  the  point  of  fracture. 
The  steel  plate  must  be  free  from  flaws  and  cracks,  and  must 
have  a  workmanlike  finish.  The  test  pieces  must  bend  cold,  with- 
out crack  or  flaw,  one  hundred  and  eighty  degrees  to  a  curve 
having  a  radius  equal  to  half  its  thickness.  Rivet  steel  shall 
have  an  elongation  of  twenty-five  per  cent,  in  twelve  diameters, 
with  a  reduction  of  area  at  point  of  fracture  of  forty-five  per  cent., 
and  be  capable  of  bending  double  flat,  without  sign  of  fracture  on 
the  convex  surface  of  the  bend. 

A  variation  in  cross-section  or  weight  of  plates,  of  more  than 
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two  and  one-half  per  cent,  from  that  specified,  may  be  cause  for 
rejection. 

All  bent,  corrugated  and  flanged  members  must  be  properly 
annealed. 

The  contractor  must  furnish  test  pieces  of  steel,  made  from 
coupons  on  the  plates.  The  coupons  must  be  removed  and  pre- 
pared for  testing  in  the  presence  of  the  authorized  agent  of  the 


Rivet  holes  shall  be  so  accurately  spaced,  that  when  the  mem- 
bers are  brought  into  position  the  holes  shall  be  truly  opposite 
before  rivets  are  driven.  The  use  of  drift  pins  will  not  be 
allowed.  If  rivet  holes  are  punched,  the  plates  after  punching 
must  be  annealed,  otherwise  the  rivet  holes  must  be  drilled  or 
reamed. 

Rivets  should  be  driven  either  by  hand  or  hydraulic  riveter. 
Steel  rivets  must  not  be  riveted  by  hand.  In  the  parts  of  the  boiler 
where  machine  riveting  cannot  be  done,  the  rivets  must  be  best 
quality  iron.  Rivets  must  completely  fill  the  holes,  and  have  full 
heads  of  a  height  not  less  than  six-tenths  the  diameter  of  the 
rivet,  and  countersunk  when  required. 

In  constructing  the  boilers  the  stamps  must  be  in  such  a  posi- 
tion as  to  be  easily  seen  on  inspection. 

The  edges  of  all  plates  must  be  planed,  and  all  seams  must  be 
fullered  both  inside  and  out. 

All  the  flues  must  be  built  air  tight  and  protected  from  mois- 
ture, and  so  arranged  as  to  be  easily  cleaned. 

Each  boiler  must  be  provided  with  a  balanced  damper,  to  be 
regulated  by  hand  and  by  steam  damper  regulator,  if  directed, 
arranged  to  work  independently,  and  all  the  necessary  fixtures 
for  its  successful  operation. 

The  main  flue  must  be  provided  with  a  balanced  damper,  to  be 
regulated  by  hand,  and  by  a  steam  damper  regulator,  etc.,  etc.,  if 
so  directed. 

Each  boiler  must  be  provided  with  one  main  steam  valve,  two 
safety  valves,  steam  gauge,  water  column  with  cocks  and  gauge 
ghisses,  three  tri-cocks,  feed  pipe?,  check  valves,  surface  and  blow- 
ofT  pipes  and  valves. 
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The  steam  outlet  from  each  boiler  must  be  connected  by  curved 
copper  pipe  to  a  steam  main  and  controlled  by  stop-valve. 

Each  boiler  must  be  provided  with  an  asbestos  packed  blow-oflf 
plug  cock. 

The  blow-oflf  from  each  boiler  must  be  carried  to  a  main  blow- 
oflF  pipe  terminating « 


Provide  two  duplex  feed  pumps  with  the  necessary  valves, 
pipes  and  fixtures,  to  pump  water  at  210  degrees  Fahrenheit, 
from  the  hot-well,  or  heater,  to  the  boilers. 

Each  feed  pump  must  have  a  capacity  of  pumping  not  less 

than thousand  pounds  of  water  per  hour, 

with  fifty  strokes  per  minute  of  one  plunger,  and  must  be  so 
arranged  to  pump  either  from  a  hot-well  or  from  a  cold  water 
supply  to  the  boilers,  or  to  pump  cold  water  to  water  service  of 
buildings. 

Make  all  steam  and  exhaust  connections. 

Provide  one  injector  capable  of  discharging 

pounds  of  water  per  hour ;  make  the  necessary  steam  and  water 
connections. 

Steam  Pipes,  etc. 

All  steam  and  exhaust  pipes  mentioned  in  these  specifications 
must  be  covered,  to  prevent  the  radiation  of  heat,  to  the  entire 
satisfaction  of  the  engineers  and  architects. 

Furnish  pipes  and  valves  as  follows: 


A  LTERATIONS. 

It  is  understood  that  the  engineers  and  architects  shall  have 
the  right  to  make  any  alterations,  additions  or  omissions  of  work 
or  materials  herein  specified  or  shown  on  the  drawings,  during 
the  progress  of  the  work,  that  they  may  find  to  be  necessary,  and 
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the  same  shall  be  acceded  to  by  the  contractor,  and  carried  into 
effect  without  in  any  way  violating  or  vitiating  the  contract.  If 
any  such  changes  are  made,  the  value  of  the  same  shall  be  de- 
cided by  the  engineers  and  architects  who  shall  make  an  equit- 
able allowance  therefor,  and  shall  add  the  amount  of  said  allow- 
ance to  or  deduct  it  from  the  contract  price,  according  as  the 
cost  of  the  work  has  been  increased  or  lessened. 

Also  that  no  extra  work  or  materials  will  be  paid  for  unless 
ordered  by  the  engineers  and  architects. 

Also  that  any  disagreement  or  difference  between  the  parties 
to  the  contract  upon  any  matter  or  thing  arising  from  these 
specifications  or  the  drawings  to  which  they  refer,  or  the  kind  or 
quality  of  the  work  required  thereby,  shall  be  decided  by  the 
engineers  and  architects,  whose  decision  and  interpretation  of 
the  same  shall  be  considered  final,  conclusive  and  binding. 

Care  of  Finished  Work. 

Particular  care  must  be  taken  by  the  contractor  of  all  the 
finished  work,  which  work  must  be  covered  up  and  thoroughly 
protected  from  injury  or  defacement  during  its  erection  and 
completion. 

Removal  of  Rubbish,  etc. 

AH  refuse  material  and  rubbish  that  may  accumulate  during 
the  progress  of  the  work  is  to  be  removed  from  time  to  time  as 
may  be  directed  by  the  engineers  and  architects,  and  on  the 
completion  of  the  work  the  building,  streets  and  grounds  must 
be  thoroughly  cleaned  up  and  the  surplus  material  and  rubbish 
removed. 

Risks,  Blame,  etc. 

The  contractor  is  to  assume  all  risk  and  bear  any  loss  occa- 
sioned by  neglect  or  accident  during  the  progress  of  the  work, 
until  the  same  shall  have  been  completed  and  accepted  by  the 
engineers  and  architects.  The  contractor  is  also  to  assume  all 
blame  or  loss  by  reason  of  neglect  or  violation  of  city  or  other 
ordinances,  encroachments  upon  neighbors,  loss  by  fire  or  from 
any  other  cause. 
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The  contractor  is  to  properly  protect  the  pavement,  floors  and 
buildings  during  the  progress  of  the  work,  and  make  good  any 
injuries  that  may  have  occurred  in  consequence  of  the  erection 
of  this  work  or  during  its  progression,  and  must  pay  for  all 
permits,  inspectors  fees  or  any  other  charges  from  city  or  county 
oflScers. 

The  engineers  and  architects  shall  have  full  power  at  any  time 
during  the  progress  of  the  work  to  reject  any  materials  they  may 
deem  unsuitable  for  the  purposes  for  which  they  are  intended,  or 
which  are  not  in  strict  conformity  with  the  spirit  of  these 
specifications.  They  shall  also  have  the  power  to  cause  any 
inferior  or  unsafe  work  to  be  taken  down  and  altered  at  the  cost 
of  the  contractor. 

Test,  etc. 

The  boilers,  settings,  etc.,  etc.,  must  be  completed,  ready  for  use, 

to  stand  a  working  steam  pressure  of  at  least pounds 

per  square  inch,  and  the  boilers,  pipes  and  fixtures  must  be 

tested  by  hydraulic  pressure  to  at  least pounds  per 

square  inch,  and  all  local  rules  and  ordinances  affecting  the 
same  conformed  to ;  the  boilers  will  then  be  tested  for  capacity 
and  economy,  as  directed  by  the  engineers  and  architects,  the 
expense  of  which  tests,  except  the  cost  of  coal,  must  be  borne 
by  the  contractor,  which  cost  will  be  deducted  from  the  con- 
tract price. 

Penalties. 

In  the  event  of  the  boilers  not  being  completed  within  the 

time  specified,  there  shall  be  deducted  from  the  contract  price 

the  sum  of : dollars  for  each  and  every  legal  working  day 

after  the  specified  time  during  which  the  boilers  shall  remain 

uncompleted,  which  sum  of _.  -  dollars  per  day  shall  be  con- 
sidered as  the  liquidated  damages  agreed  upon  for  any  failure  to 

complete  the  work  within  the  time  named. 

If  the  boilers  do  not  develop  the  evaporative  capacity  named 

in  the  proposal,  there  w^ill  be  deducted  from  the  total  contract 

price  a  sum  of  money  proportional  to  the  loss  of  capacity,  and 

should  the  boilers  not  develop  the  minimum  capacity  named  in 
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these  specifications,  to  wit : thousand  pounds  of  water 

evaporated  per  hour,  the  contractor  will  receive  no  payment  for 
them.  In  the  event  of  the  above  mentioned  contingency,  the 
boilers  must  be  allowed  to  remain  in  use  until  other  boilers  can 
be  obtained  to  take  their  place,  after  which  time  the  boilers  must 
be  removed,  and  any  and  all  additional  expense  incurred  in  pro- 
curing boilers  of  the  proposed  capacity  will  be  paid  from  the 
security  for  the  faithful  performance  of  the  contract. 

If  the  boilers  do  not  develop  the  economy  mentioned  in  the 
proposal,  there  will  be  deducted  from  the  contract  price  a  sum  of 

money,  the  interest  of  which  at per  cent,  per  annum 

would  represent   the  cost  of  the  additional  coal  required  to 

evaporate  the  specified  amount  of  steam,  to  wit: 

pounds  of  water  per  hour  from  and  at  212  degrees  Fahrenheit, 

for hours  per  day,  and  during days  in  a  year, 

the  price  of  coal,  containing  eighty-four  per  cent,  of  combustible, 

being  taken  at per  ton  of 

2,240  pounds. 

The  boilers  must  be  completed  and  in  running  order  prior  to 


The  contractor  must  guarantee  and  keep  the  boilers  and 
accompaniments  in  perfect  running  order  for  one  year  after  they 
have  been  put  in  operation,  provided  the  owners  give  the  boilers 
proper  care  and  attention. 

Conditions,  Requirements,  etc. 

The  material,  design  and  workmanship  must  be  of  the  best, 
and  must  be  so  arranged  as  to  fulfil  the  following  requirements: 

1st.  The  production  of  dry  steam  by  economical  consump- 
tion of  coal,  with  safety  and  durability  of  the  various  parts  of  the 
work. 

2d.  The  prevention  of  discomfort  and  loss  by  the  radiation  of 
heat. 

3d.  The  most  advantageous  arrangement  for  the  successful 
and  economical  operation  and  maintenance  of  the  entire  plant, 
cost  of  repairs  to  furnaces,  boilers,  etc. 
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In  awarding  the  contract,  the  following  points  will  be  con- 
sidered : 

The  first  cost  of  the  boilers  and  their  accompaniments  from 
the  fire  doors,  to  and  including  the  stack,  and  from  the  water 
supply  to  the  blow-off  outlet,  and  to  the  steam  outlet,  as  well  as 
the  relative  cost  of  boiler  room  required. 

Also,  the  commercial  value  of  the  economy  guaranteed  and 
relative  cost  of  repairs. 

Payments  will  be  made  when  the  work  shall  have  been  com- 
pleted and  accepted,  as  follows : 


The  contract  must  be  consistent  with  the  requirements  of 


The  contract  shall  not  be  sub-let,  assigned  or  transferred  to 
any  person  or  persons  whomsoever,  without  the  written  consent 
of  the  engineers  and  architects. 

Plans  can  be  seen  and  information  obtained  at  the  office  of 


.Bids  are  to  be  for  the  entire  work  complete.     The  right  is  re- 
served to  reject  any  or  all  bids. 

For  the  information  of  bidders,  the  following  facts  are  noted : 
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DISCUSSION 

By  JoHK  £.  Codman. 

Bead  November  6(A,  1887. 

In  the  discussion  of  the  paper  entitled  Boiler  SpecificationSy  I 
earnestly  suggest  that  the  paper  be  discussed  in  the  spirit  it  is  rep- 
resented as  being  oflfered  in,  keeping  always  in  view  the  principal 
and  main  object  of  any  boiler  specification,  namely,  the  unit  of 
measurement  of  boiler  power  and  the  method  to  be  pursued  in 
obtaining  it.  I  believe  it  impossible  to  adopt  a  regular  form  of 
boiler  specification  that  will  apply  to  all  cases,  the  preparation 
of  which  should  be  the  duty  of  the  consulting  engineer,  but  I  do 
believe  a  unit  of  measurement  can  be  adopted  that  will  be  an  ad- 
vantage, both  to  the  purchaser  and  to  the  manufacturer,  and  a  pro- 
tection to  both.  The  term  horse-power,  as  at  present  used,  can- 
not properly  be  applied  to  a  boiler,  although  a  certain  quantity 
of  water  evaporated  per  hour  can  be  termed  a  horse-power.  A 
committee  of  the  Mechanical  Engineers'  Society  presented  an  ex- 
cellent form  of  boiler  test,  also  a  unit  of  measurement,  to  be  termed 
a  horse-power,  but  as  the  report  was  never  finally  adopted  by 
the  Society,  it  has  been  left  for  the  engineering  public  to  adopt 
or  reject  it  as  seemed  best. 

The  unit  of  34J  pounds  of  water  per  hour  from  and  at  212  F. 
is  about  J  more  than  the  average  high  pressure  engine  as  con- 
structed to-day  requires,  but  this  excess  of  power  is  an  advantage 
rather  than  a  loss  to  the  boiler  user. 

In  these  specifications,  passing  over  the  minor  details,  and 
taking  the  clause  on  evaporation  and  that  on  capacity,  the  ques- 
tion is  narrowed  down  to  a  limit  of  what  constitutes  boiler  ca- 
pacity. Any  manufacturer  will  readily  concede  that  at  the  pres- 
ent time  he  can  guarantee  to  produce  a  certain  number  of  pounds 
of  dry  steam  from  a  given  form  of  boiler,  with  as  much  certainty 
as  the  engine  builder  does  in  presenting  his  engine  to  accom- 
plish a  certain  quantity  of  work  in  a  given  time.  Various  at- 
tempts to  agree  upon  a  standard  unit  of  measurement  have, 
from  time  to  time,  been  presented,  but  with  no  universal  agree- 
ment. 
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The  centennial  unit,  30  pounds  of  steam  per  hour,  from  a  tem- 
perature of  100  F.  to  steam  of  70  pounds  gauge  pressure,  is  very 
nearly  the  same  as  34|  pounds  from  and  at  212  F.  With  this 
unit  of  measurement  the  boiler  power  can  readily  be  obtained 
in  terms  of  horse-power  (so-called) — and  utilized  through  the  en- 
gine. The  manufacturers  of  boilers  agree  to  give  a  certain 
number  of  pounds  of  dry  steam  per  hour,  with  a  certain  number 
of  pounds  of  fuel,  and  a  specified  degree  of  economy,  whether  the 
fuel  shall  be  coal,  gas,  wood,  tan-bark  or  saw-mill  refuse,  an 
equivalent  in  all  cases  to  be  agreed  upon  by  both  parties  before 
the  specifications  are  adopted.  Failure,  in  any  form,  to  accom- 
plish the  agreed  upon  results  will  incur  the  penalties  attached 
to  the  specifications. 

It  seems  a  part  of  the  consulting  engineer's  duty  to  attach  to 
the  specifications  such  other  provisions  as  the  circumstances  re- 
quire, but  the  principal  point  is  to  obtain  a  unit  of  measurement 
of  boiler  evaporation  that  shall  be  recognized  as  legal  and  bind- 
ing upon  both  manufacturer  and  purchaser.  Let  our  discussion 
be  mainly  directed  to  bringing  about  a  standard  unit  of  meas- 
urement to  be  used  in  connection  with  a  standard  method  of 
boiler  test. 

The  following  form  is  the  one  submitted  by  a  committee  of  the 
"Mechanical  Engineers'  Society."  Some  slight  additions  and 
changes  are  made,  as  suggested  from  time  to  time,  in  reporting 
the  results  of  some  forty  or  more  boiler  tests.  It  will  commend 
itself  for  simplicity  and  accuracy,  and  it  is  in  such  a  shape  that 
any  person  connected  with  mechanical  pursuits  can  easily  under- 
stand from  it  the  unit  of  measurement  of  boiler  power  and  the 
method  to  be  pursued  in  obtaining  it. 
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1 
2 
3 
4 
5 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


20 
21 
22 
23 
24 
25 
26 


RESULTS  OF  THE  Tkials  op  a 

Boiler  at 

To  Determine 

Date  of  trial 

Duration  of  trial 

DiMlENSIONS  AND  PROPORTIONS. 

Type  of  Boiler 

Number  in  use 

Diameter  of  Boiler 

Length  of  Boiler 

Numbers  of  Furnaces 

Type  of  Furnaces 

Diameter  of  Furnace 

Length  of  Furnace 

Number  of  Tubes  in  each  Boiler 

Diameter  of  Tubes 

Length  of  Tubes 

Diameter  of  Drum 

Length  of  Drum 

Heating  Surface  in  one  Boiler: 

a    Heating  Surface  of  Furnace 

b    Back  Box 

c    Combustion  Chamber 

d    Tubes 

e    Front  of  Boiler 

/    Side  and  Back 
Total  Heating  Surface  in        Boiler 
Total  Tube  Cross  Section  Area 
Batio  of  Tube  Cross  Section  to  Grate  Surface 
Height  of  Stack 
Area  of  Stack  at  Base 
Grate  Surface  Wide 

Water  Heating  Surface 


Long 


Area 


27   Superheating  Surface 


28 


29 
30 
31 
,32 


33 
34 


Ratio  of  Water  Heating  Surface  to  Grate  Surface 

Average  Pressures. 

Steam  Pressure  in  Boiler  by  Gauge 
Absolute  Steam  Pressure 
Atmospheric  Pressure  per  Barometer 
Force  of  Draught  in  Inches  of  Water 


Average  Temperatures. 


Of  External  Air 
Of  Fire  Room 


35  I  Of  Steam 
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36  Of  Escaping  Gases 

37  Of  Feed  Water 

Fuel. 

38  Kind  of  Coal 

39  Total  Amount  of  Coal  Consumed 
40 1  Moisture  in  Coal 

41  Dry  Coal  Consumed 

42  '  Total  Refuse  (Dry  Waste  in  Pounds) 

43  I  Per  Cent,  of  Refuse 

44  Totol  Combustible  (Dry  Weight  of  Coal, 

45  j  Dry  Coal  Consumed  per  Hour 
46 1  Combustible  Consumed  per  Hour 


Refuse) 


Results  of  Anemometer  Readings. 

47  ,  Cubic  Feet  of  Air  per  Hour 

48  ;  Cubic  Feet  of  Air  per  Hoar,  per  Square  Foot  of  Grate 

49  ;  Pounds  of  Air  per  Pound  of  Coal 

60 ;  Pounds  of  Air  per  Pound  of  Combustible 

Results  of  Calorimetric  Tests. 

51  Quality  of  Steam,  Dry  Steam  being  taken  as  Unity 

52  \  Percentage  of  Moisture  in  Steam 

53  I  No.  of  Degrees  Superheated 

54  '  Factor  of  Evaporation 

Water. 

55  Total  Weight  of  Water  Pumped  into  Boiler  and  apparently 
I         Evaporated 

56  Water  actually  Evaporated,  Corrected  for  Quality  of  Steam 

and  Surface  Water 
67   Equivalent  Water  Evaporated  into  Dry  Steam  from  and  at 

212°  F. 
58   Equivalent  Total  Heat  derived  from  Fuel  in  British  Thermal 

Units 
59 ,  Percentage  of  Heat  lost  by  Radiation,  on  a  basis  of  14600 

I         B.  T.  U.  per  Pound  of  Combustible 
60   Equivalent  Water  Evaporated  into  Dry  Steam  from  and  at 

212°  F.  per  Hour 


61 
62 
63 


Economic  Evaporation. 
Water  Actually  Evaporated  per  Pound  of  Dry  Coal  from 

actual  Pressure  and  Temperature 
Equivalent  Water  Evaporated  per  Pound  of  Dry  Coal  from 

and  at  212°  F. 
Equivalent  Water  Evaporated  per  Pound  of  Combustible 

from  and  at  212°  F. 


vol.  VI.— 13. 
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64 


Ck)MMEBCIAL  EVAPORATIOIT. 

EqaivaleDt  Water  Evaporated  per  Pound  of  Dry  Coal,  with 
One-sixth  Refusei  at  70  Pounds  Grauge  Pressure,  from 
Temperature  of  100°  F.=sltem  63  x  0.7249 


Bate  of  Combustion. 

65 ;  Dry  Coal  actually  Burned  per  Square  Foot  of  Grate  Surface 
per  Hour 

Per  Square  Foot  of  Grate 


66 


67 


68 


69 


70 


71 


72 


Consumption  of  Dry  Coal    _     Surface 

per Hour,Coal assumed  ^^^  Square  Foot  of  Water 

Heating  Surface 
Per  Square  Foot  of  Least 
Area  for  Draught 


with  One-Sixth  Refuse 


Rate  of  Evaporation. 

Water  Evaporated  from  and  at  212°  F.  per  Square  Foot  of: 
Heating  Surface  per  Hour 

Per  Square  Foot  of  Grate 
Surface 


Water  Evaporated  per  Hour 
from  Temperature  of 
100°  F.  into  Steam  of 
70  lbs.  Gauge  Pressure 
=Item  60  X  0.8698 


Per  Square  Foot  of  Water 

Heating  Surface 
Per  Square  Foot  of  Least 

Area  for  Draught 


Commercial  Hobse-Power. 

73  I  On  a  Basis  of  Thirty  Pounds  of  Water  per  Hour  Evaporated 
from  Temperature  of  100°  F.  into  Steam  of  70  Pounds 
Gauge  Pressure  (=34}  lbs.  from  and  at  212°  F.) 

74  i  Horse-Power,  Builders'  Rating  at  10  Square  Feet  per  Horse- 
Power  for  Fire  Surface,  12  Square  Feet  on  }  Surface  of. 
Flue  and  Drum,  and  15  Square  Feet  on  }  Surface  of 
Tubes 

75 '  Per  Cent.  Developed  Above  Rating 
76   Per  Cent.  Developed  Below  Rating 
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DISCUSSION. 

By  JoHK  T.  Boyd. 

Read  November  19(A,  1887. 

The  statement  made,  that  the  best  boilers  in  use  are  protected 
by  patents,  is  hardly  correct ;  inasmuch  as  for  efficiency  some 
of  the  marine  boilers  which  are  not  patented,  the  writer  is  credit- 
ably informed,  have  proved  equal,  if  not  slightly  better,  than 
any  patented  boiler  oflFered  up  to  the  present  time. 

In  the  matter  of  detail,  it  seems  as  if  more  than  one  feed  pump, 
where  one  injector  is  specified,  would  be  superfluous  and  involve 
an  outlay  hardly  warrantable  at  present,  owing  to  facility  of  ob- 
taining duplicate  parts  for  the  many  good  forms  of  boiler  feed 
pumps  now  in  the  market. 

That  Bidders  shall  be  required  to  furnish  with  their  proposals, 
-detailed  figured  plans  for  boiler,  settings,  flues,  pump,  etc.,  includ- 
ing working  drawings  of  the  boiler,  settings  and  foundations,  is 
a  requirement  with  which  very  few  Builders  would  be  willing  to 
comply ;  as  the  writer's  personal  experience  goes  to  prove  that 
such  detailed  information  has  been  given  to  competitors  offering 
lower  bids  to  the  injury  of  the  party  bidding  in  good  faith,  whose 
plant,  from  its  general  excellence,  both  in  arrangement  and  in 
detail,  warrants  a  greater  price.  If  all  Architects  and  Engineers 
were  thoroughly  practical  men  there  would  be  no  great  harm  in 
giving  such  details,  as  in  the  vast  majority  of  cases  the  same 
•details  would  be  familiar  to  them ;  but  as  few  Architects  are  so 
informed  on  these  minor  details,  which  go  to  make  up  a  success- 
ful plant,  they  are  frequently  appropriated  as  their  plan,  which,  to 
characterize  it  mildly,  is  not  honest. 

Evaporative  economy  is  largely  controlled  by  the  location  of 
the  plant,  which  from  its  position  is  liable  to  have  "  down  draft " 
in  the  chimney,  and  at  the  dififerent  seasons  in  the  year  have 
dififerent  effective  draft;  which  in  a  bad  season  would  militate 
against  a  successful  evaporative  test,  and  in  a  better  season  might 
pass  beyond  the  stated  requirements.  While  it  may  be  well  to 
specify  the  fuel  to  be  used  during  the  test,  it  seems  as  though 
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anthracite  pea  coal  is  not  the  most  favorable  for  obtaining  high 
evaporative  duty,  even  when  reduced  to  combustible,  as  from  a 
sample  of  coal  submitted  to  prominent  boiler  builders  in  this  City, 
out  of  a  total  weight  of  27J  pounds  of  supposed  good  pea  coal, 
9  pounds  were  slate,  11  pounds  slated  coal  and  the  balance  dust 
and  coal  combined.  The  capacity  of  evaporating  depends  very 
largely  on  the  fireman,  as  is  well  known  by  every  one  who  has 
charge  of  a  steam  plant,  to  say  nothing  of  the  economy;  the  coal 
may  be  of  the  best,  and  the  boilers  set  and  located  under  the  most 
favorable  conditions,  yet  an  inefficient  fireman  would  not  make 
them  perform  as  well  as  one  who  is  more  fortunate  in  his  ability 
to  attend  properly  to  the  boilers. 

It  is  not  always  possible  to  use  air  spaces  of  any  width  at  all 
times,  because  the  majority  of  buildings  are  put  up  without 
much,  regard  to  the  space  which  should  be  properly  allotted  to 
the  boiler  plant ;  and  hence  it  becomes  necessary  to  arrange  the 
brick  settings  to  conform  with  the  room  at  disposal,  and  if  insisted 
on  in  this  case  would  cut  out  at  least  one  boiler  from  a  plant. 

The  specifications  should  state  whether  the  horizontal  pave- 
ment, if  any,  on  top  of  boilers  is  to  be  supported  by  wrought  or 
cast  iron  bars.  While  the  former  will  support  the  pavement  and 
the  weight  of  a  man,  they  are  much  more  liable  to  be  destroyed 
by  the  gases  than  the  cast  iron  bars,  the  latter  being  necessarily 
heavier  and  costing  more  to  accomplish  the  same  results,  but  at 
the  same  time  are  almost  permanent. 

The  minimum  size  of  cleaning  doors  and  man-holes  should  be 
specified,  because  there  are  many  boilers  erected  to-day  in  which 
neither  of  these  two  details  are  of  convenient  size  for  the  purpose 
intended ;  the  former  frequently  not  even  admitting  a  bucket  to 
be  passed  through,  when  removing  the  dirt  from  the  inside  after 
having  been  collected  there. 

The  requirement  that  externally  fired  cylindrical  boilers  be 
without  curvilinear  seams  on  the  lower  sheet  is  made  possible  by 
the  modern  construction  of  steel  plants  and  boiler  makers'  tools, 
and  offers  a  longer  life  to  a  hard  worked  boiler  than  where  circum- 
ferential seams  are  brought  in  contact  with  fire  passing  over  a 
badly  constructed  bridge  wall,  or  where  forced  draft  is  used. 

The  test  specified  for  material  can  be  met  in  some  makes  of 
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steel  only,  and  would  cut  out  altogether  some  material  which 
would  be  sufficiently  good  for  certain  parts  of  boilers. 

The  requirement  that  the  steel  plates  after  punching  should  be 
annealed  is  a  good  one,  and  should  be  insisted  upon  in  the  case 
of  thick  plates,  whether  the  plates  are  of  steel  or  of  iron.  On 
boilers  of  large  diameter  having  thick  plates,  it  is  sometimes 
necessary  that  they  should  be  caulked  both  on  the  inside  and 
outside;  but  for  boilers  of  smaller  diameter,  having  thin  sheets 
from  J  inch  to  J  inch  in  thickness,  caulking  on  the  outside  alone 
is  sufficient. 

From  the  writer's  experience  he  would  not  advise  that  the 
arrangement  of  the  steam  piping  be  so  specified  as  to  require 
many  fiange  connections,  owing  to  the  liability  of  the  gaskets 
blowing  out,  which,  should  it  occur,  would  stop  the  plant  entirely 
until  a  new  gasket  could  be  replaced ;  whereas  if  the  piping  is 
largely  put  together  with  screw  joints,  it  is  hardly  possible  to 
imagine  a  leak  taking  place  in  a  joint  which  would  not  permit 
the  plant  to  be  run  at  least  until  it  could  be  shut  down  without 
detriment  to  the  interest  of  the  party  owning  and  operating  the 
same. 

When  providing  against  radiation  of  heat,  the  cost  of  insulating 
material  used  and  the  method  of  applying  the  same  would  have 
a  very  large  influence  in  completing  such  protection  to  the  entire 
satisfaction  of  the  Engineers  and  Architects.  It  is  better  for  them 
to  examine  a  form  of  covering,  and  arrange  specification  that 
insulation  equal  in  merit  to  whatever  they  may  approve  shall 
be  furnished.  This  would  not  exclude  many  good  makes  of 
insulating  material  which  vary  in  price. 

Alterations,  extra  work  or  material  should  be  permitted  to  be 
ordered  by  the  Owners,  as  well  as  the  Engineers  and  Architects; 
as  in  the  case  of  an  emergency  or  unforeseen  circumstance,  the 
Engineers  or  Architects,  or  their  representatives,  might  not  be 
on  the  ground,  and  this  might  necessitate  an  expensive  delay  to 
the  Builder. 

The  clause  that  the  Engineers'  and  Architects'  decision  and 
interpretation  of  the  drawings  and  specifications  shall  be  final, 
conclusive  and  binding  is  a  customary  one  in  all  specifications, 
yet  a  technical  point  with  which  they  may  be  unfamiliar  at  the 
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time  of  drawing  up  the  specifications  might  preclude  the  possi- 
bility of  their  being  carried  out,  and  yet  they  could  insist  under 
the  agreement  upon  almost  anything  they  choose.  This  by  some 
is  considered  to  be  equal  to  saying  that  the  Engineers  and  Archi- 
tects are  the  only  honest  parties  concerned. 

As  to  risks,  the  clause  reads,  ^Hhe  Contractor  is  to  assume  all 
risk  and  bear  any  loss  occasioned  by  neglect  or  accident  during 
the  progress  of  the  work,"  etc.,  this  should  be  "  his  neglect,"  in 
order  to  relieve  him  from  the  blame  attached  to  carelessness  of 
parties  with  whom  he  has  nothing  whatever  to  do,  and  which 
would  be  manifestly  unfair. 

The  drawings  of  the  Engineers  and  Architects  could  be  so 
made,  with  the  dimensions  thereon  correct  to  survey,  that  the 
Engineers  and  Architects  themselves  should  be  responsible  for 
any  encroachments  on  neighbors.  If  it  is  customary  for  Owners 
to  furnish  a  survey  for  Architects,  there  does  not  seem  to  be  any 
reason  why  this  same  survey  should  not  be  furnished  to  the 
Builder ;  the  Engineers  and  Architects  marking  base  lines,  as  it 
is  certainly  their  professional  duty  so  to  do,  or  have  done  by 
others. 

The  base  of  the  measurement  should  in  all  cases  be  established 
by  the  Engineer  and  Architect ;  this  would  simplify  matters,  and 
in  the  event  of  mistakes,  place  the  responsibility  where  it  properly 
belongs. 

The  expense  of  the  test,  outside  of  the  cost  of  the  coal,  should 
not  be  borne  entirely  by  the  Contractor,  unless  the  plant  does  not 
come  up  to  the  requirements.  In  the  case  of  the  plant  being 
accepted,  at  lecust  one-half,  if  not  all,  of  this  expense  should  be 
paid  by  the  Purchaser  of  the  plant,  for  the  same  reason  that  he 
would  pay  his  Architect  for  plans  and  specifications. 

When  penalties  are  stipulated,  a  "per-contra"  clause  should  be 
inserted  to  provide  for  the  Owners  delays.  This  would  give  the 
Builder  some  compensation  for  his  diligence  in  completing  the 
plant  in  advance  of  the  time  specified ;  which  is  only  a  fair  offset 
for  a  penalty  exacted  from  him  in  case  of  delay  in  completion 
after  the  time  agreed  upon.  Should  the  plant  not  be  accepted, 
an  allowance  should  be  made  for  the  use  of  the  boilers  during 
the  time  in  which  others  were  being  obtained  to  take  their  place. 
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Without  this  allowance  very  few  Builders  would  be  willing  to 
undertake  a  contract  in  accordance  with  these  specifications. 

The  forfeiture  of  money  to  represent  the  cost  of  additional  coal 
required  to  evaporate  a  sufficient  amount  of  water  in  case  the 
plant  does  not  come  up  to  requirements  in  this  particular,  is  one 
to  which  few  Builders  would  agree ;  and  it  is  a  question  if  this 
clause  would  not  cut  out  the  Owners  from  obtaining  plants  from 
some  of  the  best  boiler  builders  in  this  country. 

The  guarantee  to  keep  boilers  and  accompaniments,  except 
grate  bars,  in  perfect  running  order  for  one  year  would  hardly 
be  signed  by  many  Builders ;  inasmuch  as  some  firemen  can 
destroy  a  setting  in  less  than  six  months,  no  matter  how  well  or 
carefully  it  may  have  been  built,  and  regardless  of  the  material 
of  which  it  may  have  been  composed. 

The  prevention  of  discomfort  and  loss  by  radiation  of  heat 
should  be  guarded  against  if  possible,  but  as  to  how  far  the 
former  is  allowable  is  a  matter  difficult  to  determine  by  anj'^  one 
interested;  inasmuch  as  to  the  writer's  knowledge  no  base  of 
measurement  has  ever  been  established  for  personal  discomfort. 

The  smoke  stack  should  properly  be  separate  from  the  boiler 
plant,  ineusmuch  as  unless  its  thickness  and  size  is  fixed,  no  two 
builders  would  likely  agree  upon  the  same  proportions;  and  the 
man  guaranteeing  the  plant  and  having  the  smallest  stack,  other 
things  being  the  same,  would  of  necessity  get  the  contract,  owing 
to  his  being  lower  in  price. 

When  bids  are  asked  for  by  Owners,  and  made  in  good  faith 
by  Builders,  it  certainly  is  not  fair  to  reject  all  of  these  bids ;  at 
least  one  should  be  accepted.  Otherwise  the  Owners,  and  the 
Engineers  and  Architects,  are  simply  trifling  with  the  time  of  the 
Builder,  and  putting  him  to  an  amount  of  expense  for  which 
they  do  not  furnish  him  even  the  chance  of  any  return. 

Barring  the  foregoing,  the  specifications  cover  a  great  deal  of 
ground  which  has  hitherto  been  left  open  to  a  miscellaneous 
interpretation,  and  the  specifications  themselves  are  undoubtedly 
a  step  in  the  right  direction,  particularly  so  for  the  City  of  Phila- 
delphia ;  as  to  the  writer's  knowledge  there  are  no  standard  speci- 
fications worthy  of  the  name,  which  will  permit  any  and  all 
builders  of  first-class  boilers  to  compete  in  an  open  field  without 
fear  or  favor. 
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In  the  writer's  judgment,  the  Engineers  and  Architects  should 
so  frame  their  specifications  that  they  cannot  be  accused  of  favor- 
ing any  particular  make  or  type  of  boiler,  and  at  the  same  time 
ask  for  bids  from  aU  makers.  If  one  particular  type  of  boiler  is 
preferred,  there  is  no  use  of  inviting  builders  generally  to  estimate, 
as  it  is  wasting  their  time,for  which  at  the  start  it  is  not  contem- 
plated to  recompense  them. 

That  which  properly  belongs  to  the  building,  such  as  stack  and 
boiler  foundations,  should  be  excluded  from  the  specifications ; 
the  boiler  settings  above  the  foundations,  connections  to  smoke 
flues  and  small  brick  piers  for  holding  feed  pumps,  are  the  only 
mason  work  which  should  properly  be  included  in  the  require- 
ments of  the  boiler  building. 

These  remarks  have  been  made  at  the  request  of  Mr.  Darracji, 
and  the  writer  hopes  they  will  be  criticised  to  the  fullest  extent, 
that  if  possible  a  standard  specification  covering  the  ground  may 
be  ultimately  obtained. 

The  question  of  a  standard  of  measurement  of  efficiency  is 
altogether  outside  of  a  general  specification  such  as  the  writer 
understands  Mr.  Darrach's  paper  to  be.  This  should  be  taken  up 
and  adopted  separate  and  apart  from  a  specification,  inasmuch  as 
it  will  then  form  a  clause  in  the  specification,  being  a  detail,  not 
general. 


DISCUSSION. 

By  Abthub  Mabichal. 
Read  November  19tA,  1887. 


A  GENERAL  form  of  specifications,  as  proposed  by  Mr.  Darrach, 
would  be  very  desirable  indeed,  and  especially  for  the  engineer 
would  be  very  convenient,  since  it  would  save  him  trouble  or  re- 
sponsibility of  any  kind.  If  a  gentleman  comes  to  him  and 
wants  a  boiler,  he  will  take  on  his  desk  one  of  these  blank  forms 
of  specifications,  will  fill  it,  and  the  boiler  will  make  its  appear- 
ance very  soon.  But,  unfortunately,  I  think  it  is  too  convenient, 
and  one  main  point  has  been  overlooked — it  is  the  question  of 
economy. 
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When  an  engineer  is  writing  specifications  he  must,  undoubt- 
edly, have  in  view  to  get  the  work  done  exactly  like  he  wants,  at  a 
cost  as  low  as  possible. 

Will  the  form  of  specification,  proposed  by  Mr.  Darrach,  allow 
us  to  expect  such  a  result  ?  Certainly  not.  The  engineer  will  be 
a  judge,  says  Mr.  Darrach ;  the  party  bidding  will  have  to  run  thfe 
risk  to  have  the  boiler  rejected  if,  in  the  opinion  of  said  engineer, 
the  quality  of  steam  is  not  what  it  ought  to  be,  or  if  the  number 
of  horse-power,  as  computed  by  said  engineer,  is  not  as  required. 
The  covering  will  not  be  accepted  if  the  same  engineer  thinks  it 
is  not  good,  etc. 

Conclusion : — The  boiler  maker  has  to  run  many  risks,  and, 
as  he  has  not  less  brain  than  any  other  business  man,  he  will 
increase  his  price  accordingly.  The  specifications  which  you 
thought  to  be  beneficial  to  you  will  be  entirely  at  your  disadvan- 
tage. 

If  an  engineer  wants  a  boiler,  let  him  select  in  the  market  the 
type  he  thinks  to  be  the  best  for  the  purpose  it  is  intended  for; 
let  him  make  specifications  in  regard  to  dimensions,  quality  of 
material,  workmanship,  time  allowed  for  construction,  etc.,  avoid- 
ing probabilities,  opinions  of  one  or  another  or  risks  of  any  kind. 
Then  the  boiler-maker  will  know  exactly  what  he  has  to  do,  with- 
out having  to  consider  whether  the  engineer  is  competent  or  not, 
whether  he  is  honest,  whether  he  is  a  good  judge  or  not,  and  the 
bid  will  be  as  low  as  possible,  just  the  thing  you  were  seeking. 

We  should  not  make  a  contractor  afraid  of  bidding ;  on  the 
contrary,  we  should  engage  him  to  bid.     That  is  the  best  policy. 

Even  from  a  point  of  view  of  humanity  it  is  unfair  to  mftke  a 
man  face  a  danger  when  we  can  possibly  avoid  it.  In  this  case 
there  is  no  reason  whatever  for  making  the  specifications  full 
of  elements  of  uncertainty,  and  you  go  deliberately  and  fill  them 
with  risks  of  all  kinds. 

I  know  that  sometimes  we  cannot  avoid  to  leave  some  risk  to 
a  contractor,  as,  for  instance,  in  the  case  of  pier  foundations 
for  a  bridge,  not  knowing  the  nature  of  the  ground.  I  got  such 
a  case,  and  before  advertising  for  bids  I  had  soundings  made  and 
samples  taken  every  0.5  meter  in  depth,  and  kept  at  the  disposi- 
tion of  any  one  who  was  going  to  bid,  and  that  expense  for  sound- 
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ings  was  paid  more  than  twenty  times,  by  the  fact  that  the  con- 
tractor, knowing  exactly  the  nature  of  the  ground,  was  able  to 
make  very  low  prices  without  any  extra  charge  for  the  risk  to 
meet  possibly  a  soil  of  a  worse  nature. 

In  concluding,  I  would  say  that  it  will  always  pay  to  make 
specifications  simple  and  clear,  with  as  few  elastic  clauses  as 
possible. 

DISCUSSION. 

By  G.  R.  Hehdebson. 
Bead  November  19(A,  1887. 

I  RECEIVED  a  copy  of  Mr.  Darrach's  Boiler  Specificatians  in-' 
viting  discussion.  I  have  read  over  the  same  carefully,  and 
while  they  are,  without  doubt,  very  complete,  and  protect  the 
purchaser  amply,  still  I  think  they  are  most  too  exacting  as  far 
as  the  builder  is  concerned,  and  am  afraid  many  builders,  who 
make  special  types  of  boilers,  would  want  to  follow  their  own 
practice  and  use  their  own  material. 

In  section  headed  "Alterations,"  it  is  specified  that  the  en- 
gineers and  architects  are  to  be  considered  full  and  final  authority 
for  allowances  in  price  due  to  alterations,  as  well  as  arbiters  of 
any  disagreement  that  may  occur.  This  I  do  not  consider  as  fair 
to  the  contractor,  and  doubt  if  many  bidders  would  be  willing  to 
accept  such  indefinite  terms,  as  very  few  contracts  are  carried  out 
exactly  in  accordance  with  the  original  design,  especially  in  work 
of  this  kind,  where  so  many  new  phases  are  likely  to  be  presented 
during  the  construction  and  erection  of  the  work. 


DISCUSSION. 

fiy  William  Sellers. 
Bead 

The  presentation  of  the  Boiler  Specifications  by  Mr.  Darrach 
is  a  new  departure  in  boiler  construction,  which  I  believe  will 
have  great  consequences  in  the  near  future. 

These  specifications  draw  a  sharp  line  between  that  which 
concerns  the  evaporation  of  water  and  the  prime  mover  with 
which  the  evaporation  has  no  connection,  and  they  very  properly 
place  upon  the  constructor  of  the  boiler  the  entire  responsibility 
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for  its  performance  with  that  of  all  its  accessories.  The  effect  of 
this  must  be  to  elevate  the  boiler-maker  from  the  position  he  has 
heretofore  held,  of  a  mere  workman,  to  that  of  an  engineer,  be- 
cause each  boiler  plant  will  involve  conditions  different  perhaps 
from  any  other,  each  of  which  must  be  carefully  weighed  to  en- 
able the  constructor  to  devise  a  plan  which  will  accomplish  a 
favorable  result,  and  this  plan  will  be  no  haphazard  affair,  no 
experiment  which  the  purchaser  will  pay  for;  if  it  fails,  the 
designer  himself  must  foot  the  bill,  so  that  its  determination  will 
require  the  most  careful  calculation  to  guard  against  very  serious 
loss.  It  will  also  require  the  most  careful  tests  to  determine  the 
value  of  such  changes  as  he  may  from  time  to  time  introduce. 

This  latter  feature  cannot  fail  to  give  more  perfect  knowledge 
of  boiler  performance  than  most  boiler-makers  now  possess,  and 
this  in  turn  will  develop  better  performance. 

Nevertheless,  there  are  some  features  in  these  specifications 
which  are  open  to  adverse  criticism,  although  they  are  of  minor 
importance,  and  first  among  these  I  would  call  attention  to  the 
quality  of  materials.  The  general  tenor  of  the  specifications  is 
evidently  intended  to  fix  responsibility  upon  the  boiler-maker, 
which  in  itself  is  not  only  proper,  but  commendable.  They 
should  not,  however,  contain  provisions  that  involve  practical 
impossibilities  for  him,  but  they  start  out  with  a  requirement, 
that  all  steel  plates  must  be  made  of  open  hearth  steel.  Will 
the  author  tell  us  how  the  boiler-maker  is  to  know  that  he  has 
open  hearth  steel  unless  he  makes  it  himself?  He  may  contract 
for  open  hearth  steel,  and  he  may  have  his  inspector  witness  its 
manufacture;  but  this  last  would  generally  be  a  practical  itn pos- 
sibility, that  is  to  say,  it  would  involve  an  expenditure  which,  if 
applied  as  it  should  be  upon  the  boiler  to  be  constructed,  would 
probably  lose  him  the  contract;  again,  it  must  be  stamped  to 
show  the  brand  and  the  name  of  the  maker.  Of  what  practical 
value  can  this  be  ?  Such  markings  to  be  permanent  will,  in  all 
probability,  injure  the  plate,  while  they  can  give  no  assurance  as 
to  the  quality  of  the  material ;  this  is  always  determined  by  the 
physical  test.  Any  further  requirements  will  serve  only  to  ex- 
cuse the  boiler-maker  and  add  to  the  cost,  without  affording  any 
additional  security.  Aside  from  this,  I  believe  it  to  be  outside 
the  province  of  the  engineer  to  define  a  process  of  manufacture 
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for  the  material  he  is  to  use.  He  may  properly  define  the  tests  it 
must  sustain  to  be  accepted  by  him ;  anything  beyond  this  will 
be  found  to  retard  instead  of  to  facilitate  improvement. 

The  physical  tests  prescribed  in  these  specifications  might  be 
improved  as  follows :  By  erasing  on  page  3  "  open  hearth,"  also 
stamped,  showing  brand  of  steel,  name  of  makers."  Page  5, 
altering  first  paragraph  to  read  as  follows:  "Rivets  must  be 
driven  either  by  hand  or  by  a  power  riveter,  the  movement  of 
which  is  determined  by  the  resistance  of  the  rivet  to  further 
compression." 

As  I  would  forbid  stamping  the  plates,  I  would  erase  from 
page  5  "  In  constructing  the  boilers  the  stamps  must  be  in  such 
a  position  as  to  be  easily  seen  on  inspection." 

With  reference  to  dampers,  I  regard  a  multiplicity  as  objection- 
able, in  that  they  afford  opportunity  for  regulation  that  firemen 
ought  not  to  have.  A  battery  of  boilers  should  have  one  reg- 
ulating damper  and  facilities  for  cutting  off"  any  single  boiler 
from  the  main  flue.  This  may  be  a  damper,  but  if  so  it  ought 
not  to  be  convenient  for  regulation.  The  requirement  of  three 
try-cocks  with  gauge  glasses  affords  too  many  appliances  for  as- 
certaining the  water  level.  There  should  always  be  two ;  and  if 
you  must  have  tri-cocks,  let  them  be  one  of  the  two,  but  they 
require  a  skilled  observer  to  use  them  properly,  and  their  slop  is 
a  nuisance.  Two  good  gauge  glasses  are,  I  think,  far  more  re- 
liable. 

The  penalties  are  perhaps  the  important  features  in  this  speci- 
fication, and  they  merit  the  highest  commendation,  as  it  is 
through  their  intelligent  use  that  improvement  in  boiler  econ- 
omy will  be  obtained.  Not  only  this,  but  they  afford  a  simple 
formula  for  determining  the  relative  value  of  various  types  of 
boilers,  as  for  example:  A  boiler  is  wanted  to  supply  100  indi- 
cated horse-power  per  hour,  or,  we  will  say,  to  evaporate  3,000 
pounds  of  water  per  hour  into  dry  steam,  and  three  proposals 
have  been  made  to  furnish  it.  One  guarantees  to  evaporate  into 
dry  steam  10  pounds  of  water  per  hour  from  and  at  212  degrees, 
with  one  pound  of  combustible,  another  will  evaporate  11  pounds, 
and  the  third  12  pounds.    What  is  the  relative  value  of  the  three  ? 

By  the  term  combustible  is  meant  the  heating  material  in  the 
coal,  which  varies  between  83  and  92  per  cent,  in  good  coals. 
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For  the  purpose  of  comparison,  and  assuming  that  in  all  other 
respects  except  economy  the  three  boilers  are  equal,  then  you  say 
that  the  value  of  the  coal  saved  annually  by  the  most  economical 
boiler,  over  either  competitor,  should  be  capitalized  at  6  per  cent., 
so  that  the  sum  thus  obtained  would  aflFord  an  income  to  pay  for 
the  additional  coal  required,  and  this  sum,  when  added  to  the 
cost  of  the  boiler  in  comparison,  would  afford  a  just  basis  of  com- 
parison upon  which  the  user  could  safely  determine  which  to 
purchase. 

With  the  example  selected,  this  would  result  as  follows,  upon  a 
basis  of  10  hours  run  per  day,  310  working  days  per  year,  and 
$3.00  per  ton  as  the  value  of  the  combustible  in  the  coal  : 

1st  boiler  for  combustible  requires  per  annum,  $1,395  00 
2d      "       "  "  "         "         "        1,268  10 

3d      "      "  "  "         "  "        1,162  50 

The  third  boiler  saves  $127  per  annum  over  the  second  and 
$233  over  the  first,  and  capitalizing  these  sums  at  6  per  cent, 
gives  $2,116.66  to  be  added  to  the  cost  of  the  second  and  $3,883.33 
to  that  of  the  first,  to  make  them  equal  to  the  third. 

Any  one  at  all  familiar  with  the  cost  of  boilers  having  a 
capacity  of  100  horse-power  will  see  at  once  that  if  they  could 
obtain  a  boiler  having  an  evaporative  capacity  and  economy 
equal  to  that  of  the  third,  they  could  not  afford  to  take  either  of 
the  others  as  a  gift,  assuming  that  there  is  no  choice  between  the 
competitive  boilers  except  in  the  economical  use  of  fuel. 

I  have  only  to  add  that  when  the  discussion  is  closed  it  is  to 
be  hoped  that  Mr.  Darraeh  will  be  able  to  formulate  a  specifica- 
tion for  steam  boilers  that  may  become  a  standard  for  this  char- 
acter of  work.  

DISCUSSION. 

By  the  Author. 

I  HAVE  only  one  objection  to  make  to  the  discussion  of  Mr. 
Sellers,  which  is  in  reference  to  dampers.  In  regard  to  this  clause 
I  would  state  that  the  clauses  in  the  specifications  relating  to 
dampers  are  alternate,  the  intention  being  to  erase  or  cross  out 
the  dampers  and  regulators  not  needed.  It.  is  not  the  intention 
that  all  of  the  dampers  and  regulators  should  in  every  case  be 
provided. 
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NOTES  AND  COMMUNICATIONS. 


PHOSPHOB-BBOXZE  SPBONTGS. 

Reouulb  Meetino,  Mabch  19THy  1887.— Mr.  Wilfred  Lewis  presented  the  fol- 
lowing:—About  a  year  ago,  in  designing  valves  for  hydraulic  machinery,  it  became 
necessary  to  use  springs  in  the  water-ways,  and  to  guard  against  corrosion  it  was  sug- 
gested that  they  be  made  of  phosphor-bronze. 

No  information,  however,  could  be  found  for  determining  the  proper  size  of  wire 
and  its  probable  extension  or  compression,  and  accordingly  the  writer  undertook  to 
make  the  following  partial  solution  of  the  problem.  A  piece  of  wire  .12  inches  diam- 
eter and  several  feet  long  was  obtained  from  our  fellow-member,  Mr.  Liiders,  for  the 
special  purpose  mentioned,  and  coiled  in  the  form  of  a  spiral  spring,  1^  inches  diam- 
eter from  centre  to  centre,  making  52  coils. 

This  spring  was  loaded  gradually  up  to  a  tension  of  30  lbs.,  but  as  the  load  was 
removed  it  became  evident  that  a  permanent  set  had  taken  place.  According  to 
formulie  recommended  by  D.  K.  Clark  for  helical  steel  springs,  such  a  spring  of  steel 
should  bear  with  safety  a  load  of  20  lbs.,  while  according  to  the  practice  of  the  P.  R.  R., 
it  might  be  used  for  double  this  load,  or  40  lbs.  A  weight  of  21  lbs.  was  then  sus- 
pended from  the  bronze  spring  so  as  to  allow  a  small  amount  of  vibration,  and  the 
length  measured  from  day  to  day.  In  30  hours  the  spring  lengthened  from  20| 
inches  to  21^  inches,  and  when  suspended  200  hours  its  length  was  found  to  be  21}^ 
inches.  It  was  concluded  from  this  that  21  lbs.  was  too  great  for  durability,  and  that 
probably  10  lbs.  was  as  much  as  could  be  depended  upon  with  safety. 

For  a  given  load  it  was  found  that  the  extension  of  the  bronze  spring  would  be 
just  double  the  extension  of  a  similar  steel  spring,  that  is,  for  the  same  extension  the 
steel  spring  is  twice  ns  strong. 

The  above  experiment  is  not  very  conclusive,  but  my  practice  now  is  to  allow  for 
phosphor-bronze  springs  the  same  extension  or  compression  as  for  similar  steel 
springs  and  let  them  carry  one-half  as  much  load. 


CAMP  AJfD  FIELD  MFE  ON  THE  UNION  PACIFIC 

RAILWAY  SURVEYS. 

Business  Meeting,  June  18th,  1887. — Mr.  G.  H.  Middleton  presented  the 
following : 

Mr.  Howard  Murphy,  Secretary  and  Trea8urer  Engineen?  C^ub  af  PkUaddjMi* 

Dear  Sir: — After  many  days,  your  notice  of  the  14th  ult.,  notifying  me  that  I  was 
appointed  upon  the  Committee  on  Information,  was  forwarded  to  me  at  my  camp  here  in 
the  Rocky  Mountains,  and  as  I  do  not  know  who  is  chairman  of  the  Committee,  I  will 
have  to  inflict  you  with  this  letter.  I  see  by  the  notice  that  we  are  allowed  consider- 
able latitude  in  selecting  a  subject  of  interest,  but  wide  as  it  is,  I  fear  that  I  shall  have 
to  make  a  departure  from  the  prescribed  limits,  and  if  it  does  not  make  a  bad  prece- 
dent, ask  your  indulgence.    As  I  am  many  miles  from  my  books,  maps  and  drawings, 
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and  the  only  interesting  engineering  works  I  have  recently  seen  are  those  of  Nature, 
it  has  occurred  to  me  that,  in  lieu  of  something  more  scientific,  an  account  of  the  way 
in  which  railroad  surveys  are  made  in  this  country  might  he  of  interest  to  many  of 
the  Club  who  have  never  had  to  '*  rough  it." 

The  Union  Pacific  Bailway  is  the  pioneer,  and  to-day  makes  more  locations,  explo- 
rations and  examinations  into  undeveloped  parts  of  the  country  than  any  of  the  other 
Pacific  companies,  and  its  methods  are  fairly  typical  of  the  others. 

The  growth  of  business  in  newly-settled  parts  of  the  West  is  so  rapid  that  it  ofiers 
quite  an  inducement  to  the  railroads,  and  a  lively  competition  for  the  control  of  those 
districts  among  the  railroads  near  them  is  sure  to  follow.  This  creates  a  demand  for, 
and  gives  employment  to,  a  large  number  of  engineers. 

As  a  rule,  the  engineers  who  have  acquired  all  their  experience  in  the  West  do  not 
have  the  great  variety  of  experience  in  construction  which  most  of  their  Eastern 
brethren  are  favored  with,  but  in  "  location "  and  reconnaissance  the  Western  engi- 
neer is  most  favored.  The  Union  Pacific  Railroad  Company  has  some  old  men  who 
have  spent  all  their  time  at  this  kind  of  work.  Some  of  them  have  been  engaged  in 
similar  work  in  Mexico  and  Peru.  These  older  heads  guide  and  direct  those  of  less 
experience,  with  very  good  results.  In  this  country,  where  so  many  hundreds  of 
miles  of  railroads  are  built  annually,  it  is  of  prime  importance  that  the  beat  and  most 
economical  location  be  had,  and  it  is  secured  here  with  leas  time  and  expense  than  in 
the  East. 

The  engineer  who  makes  a  specialty  of  railroad  location  and  construction  has  a 
very  favorable  field  in  the  West,  while  in  the  East  it  is  becoming  smaller  and  le^s 
profitable  every  year.  In  a  prairie  country,  like  Kansas  and  Nebraska,  where  it  costs 
very  little  per  mile  to  construct  a  railroad,  and  where  the  demand  for  them  is  always 
urgent,  a  number  of  locating  parties  are  constantly  in  the  field. 

The  party  live  in  tents  all  the  year  round,  and  are  furnished  with  two  teams  with 
which  to  move  camp  and  haul  supplies.  Usually  there  are  fourteen  men  in  a  party, 
including  a  cook  and  two  teamsters.  When  the  topography  of  the  country  is  such  as 
to  require  contours  to  be  taken  on  the  preliminary  lines,  two  more  pien  are  furnished 
the  topographer.  Three  tents,  14x16  feet,  are  furnished,  as  well  as  all  other  camp 
equipment.  The  members  of  the  party  merely  provide  their  own  blankets  for  bed- 
ding. 

The  '' office  tent"  is  furnished  with  drafting  tables,  stationary  chest  and  all  supplies 
necessary  to  make  finished  maps  and  profiles  of  the  work.  The  engineer  in  charge  of 
the  party  and  transitman,  levelman,  topographer  and  rodman  occupy  this  tent.  A 
small  wrought  iron  stove  of  the  Franklin  pattern,  without  any  grate,  gives  ample  heat, 
and  if  the  party  manages  to  carry  their  lamp  without  getting  it  broken,  they  have  a 
good  light. 

The  *'mes8  tent,"  when  presided  over  by  a  good  cook,  is  always  sure  of  unwavering 
popularity.  The  railroad  company  provides  everything  that  is  necessary  to  prepare 
the  food,  and  they  give  the  engineer  in  charge  of  the  party  full  and  entire  discretion 
as  to  what  to  provide  the  cook  with. 

The  parties  all  live  well  and  even  enjoy  a  great  many  delicacies.  Of  course  there 
are  times  when  the  supplies  do  not  come  in  on  time,  and  sometimes  the  cook  stove 
will  not  draw,  and  there  are  many  little  accidents  that  will  now  and  then  conspire  to 
spoil  a  good  dinner,  but  in  general  the  mess  tent  is  sure  to  contain  comfort  and  good 
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cheer,  no  matter  how  gloomy  the  remaining  part  of  the  camp  is.  The  remaining  tent  is 
used  by  the  rank  and  file  of  the  party  as  parlor,  sitting-room,  gymnasium  and  dormitory 
combined.  This  is  always  an  interesting  place  and  one  that  is  not  afiected  by  anything 
external.  The  inmates  of  this  tent  are  never  troubled  by  the  fluctoation  of  stocks  or 
the  war-clouds  that  threaten  the  destruction  of  a  nation.  They  are  of  all  ages,  from 
all  parts  of  the  country,  represent  all  temperaments  and  all  conditions  of  servitude. 
Vital  questions  of  religion,  science,  politics  and  business  are  discussed  with  astonish- 
ing freedom. 

In  the  Winter,  when  the  party  is  working  where  there  \b  no  shelter,  a  tent  ie  provided 
for  the  horses.  One  team  is  usually  kept  with  the  party,  taking  them  to  and  from  camp, 
and,  when  practicable,  moving  the  transitman  from  one  point  to  the  next.  When  the 
party  is  making  ten  miles  a  day,  this  assists  very  materially.  All  the  stakes  for  the  day's 
running,  the  dinner,  and  sometimes  coats  that  are  not  needed  on  the  work,  are  carried 
by  this  team.  The  other  team  is  kept  busy  as  soon  as  the  party  begins  to  get  away  from 
their  base  of  supplies.  At  one  time  last  Winter,  when  the  roads  were  bad  on  account 
of  snow-drifts,  we  had  to  send  forty  miles  for  supplies.  Once  every  week  we  had  to 
send  map  and  profile  and  a  report  of  the  week's  work  to  the  Chief  Engineer's  office ; 
the  team  was  sent  with  that  and  for  our  maU  ;  then  there  was  fuel  to  haul,  and  some- 
times we  had  to  haul  water.  Between  times,  when  there  was  no  hauling  to  do,  they 
were  kept  busy  scouring  the  country  in  search  of  milk,  eggs,  poultry,  etc. 

At  one  time  in  the  Spring,  after  the  snow  was  gone  and  we  no  longer  had  any  to 
melt,  we  had  to  haul  all  the  water  we  used  ten  mUes  over  hilly  roads.  It  was  in 
an  unsettled  country  where  there  were  no  wells  or  springs,  and  the  nearest  stream, 
Platte  Blver,  was  ten  miles  away. 

I  spent  all  of  last  Winter  in  camp,  with  nothing  but  a  12-ounce  canvas  tent  for 
shelter  at  night  and  en  days  when  we  could  not  work.  There  were  six  other  parties 
out  in  the  Fall,  but  some  were  called  in  by  the  latter  part  of  November,  and  only  three 
others  were  in  the  field  all  Winter.  A  number  of  the  engineers  have  been  living  in 
tents  continuously  for  years. 

In  the  mountains  all  surveys  have  to  be  discontinued  between  November  and  May, 
on  account  of  the  snow.  During  that  time  some  of  the  parties  are  given  work  in 
the  prairie  country,  and  some  are  happy  to  be  disbanded  until  work  is  resumed. 

I  was  on  location  most  of  the  time  during  the  Winter  and  the  line  was  ninety  miles 
in  length.  The  maximum  curvature  was  three  degrees  and  maximum  grade  one- 
half  of  one  per  cent.  In  two  places  there  were  five  miles  of  continuous  maximum 
grade.  On  curves  the  grade  was  equated  five  one-hundredths  of  a  foot  per  degree  of 
curvature,  and  all  curves  of  less  radius  than  5,730  feet  were  spiralled  or  elasticised. 
This  equation  of  grades  seems  trifling  on  the  line  above  mentioned,  but  on  other 
work  where  six  degree  curves  are  used  it  is  important,  as  every  good  engineer  knows. 
The  spiralling  of  curves  is  done  by  running  the  curve  on  an  offset  and  at  each  end  of 
the  curve,  and  on  the  adjacent  tangent  new  offiiets  are  made  every  25  feet,  fix- 
ing the  line  of  the  spiral. 

The  length  of  spiral  on  the  curve  and  tangent  is  made  equal,  and  at  the  point  of 
curvature  and  tangent  the  spiral  is  midway  between  the  original  point  and  the  ofi^t 
from  which  the  curve  was  run.  The  length  of  spiral  and  the  offsets  vary  for  difierent 
curves,  and  for  the  same  curve  where  the  topography  of  the  country  requires  a  light 
or  heavy  spiral. 
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It  is  the  prevailing  opinion  among  Eastern  engineers  that  the  work  in  the  West  is 
done  in  a  very  loose  and  slipshod  manner,  but  in  justice  to  all  whom  I  have  been  as- 
sociated with  in  this  country,  I  can  say  that  I  have  seen  more  care  exercised  to  insure 
accurate  field  work  than  I  ever  did  in  my  seven  years'  experience  with  the  largest 
railroad  company  in  the  East.  Although  we  sometimes  run  ten  and  twelve  miles  a 
day  in  iavorable  prairie  country,  it  is  never  done  at  a  sacrifice  of  accuracy.  All  dis- 
tances are  measured  twice  and  double  sights  taken  with  the  transit  at  every  "set  up ;  ** 
that  is,  after  taking  a  back  sight  and  setting  the  point  ahead,  the  instrument  is  turned 
half  way  around,  a  new  back  sight  taken  and  another  point  set  ahead ;  if  it  does  not 
coincide  with  the  point  first  set,  one  is  established  midway  between  them  to  run  ahead 
from.  This  insures  a  straight  line  in  case  the  cross-hairs  are  slightly  out  of  adjust- 
ment. Any  chance  of  error  from  parallax  is  diminished  by  reversing  the  direction 
of  the  instrument  at  each  set  up. 

In  all  estimates  the  prismoidal  formulte  is  used,  and  it  is  not  considered  accurate 
enough  to  average  end  areas  and  multiply  by  the  distance  between  them  for  the  cubic 
contents. 

Last  Winter  was  a  mild  one  and  there  were  but  few  days  when  we  could  not  work 
out  doors.  I  hardly  think  that  Philadelphians  would  see  anything  very  mild  about 
it,  but  in  Nebraska  they  judge  by  a  colder  standard.  From  November  to  March 
we  had  snow,  and  the  thermometer  most  of  the  time  was  below  zero.  On  several 
mornings  the  thermometer  in  my  tent  was  20  degrees  below,  and  outside  of  the 
tent  it  was  too  low  for  the  thermometer  to  record.  When  the  wind  blew,  as  it 
generally  does  in  Nebraska,  we  could  not  work  when  the  temperature  was  10 
degrees  below  zero,  but  on  calm,  still  days  we  could  stand  it  on  the  coldest  days. 
We  had  but  two  genuine  blizzards.  One  of  them  lasted  three  days,  and  it  was  with 
difl&culty  that  we  kept  our  tents  from  being  blown  away.  You  may  realize  that  we 
were  very  much  concerned  in  the  matter  when  I  say  that  we  were  miles  from  any 
other  shelter,  and  the  same  storm  blew  down  a  number  of  buildings.  In  the  night  we 
would  sometimes  have  to  go  out  and  strengthen  the  ropes  or  put  in  more  spikes  to  hold 
tbem.  We  had  the  mess  tent  blown  down  and  badly  torn  one  Sunday,  just  in  time  to- 
spoil  a  good  dinner,  and  kept  us  busy  the  balance  of  the  day  in  repairing  the  wreck. 

When  we  had  good  country  to  work  in  and  not  too  much  snow  to  wade  through, 
we  ran  from  two  to  four  miles  of  location  per  day.  That  would  necessitate  our  mov- 
ing camp  about  once  a  week.  In  Winter,  when  the  snow  is  deep,  moving  camp  is 
the  most  unpleasant  thing  to  do.  If  a  long  move  has  to  be  made  and  the  roads  are 
bad,  the  loads  have  to  be  made  up  and  started  early,  in  order  that  they  may  reach 
the  next  camping  place  and  have  tents  pitched  by  night. 

On  moving  days  we  usually  had  to  turn  out  at  half-past  four,  and  pack  up  and  load 
everything  on  the  two  wagons,  except  the  mess  tent,  before  breakfast.  The  party 
would  then  go  out  to  work,  and  the  cook  and  teamsters  afterward  finished  loading 
and  would  try  to  reach  the  new  camping  place,  and  clear  off  some  snow  and  get  up 
one  or  more  tents  by  the  time  the  party  came  in  from  work  in  the  evening.  In  the 
Summer,  when  the  party  is  running  from  five  to  ten  miles  per  day,  the  moving  day 
comes  oftener. 

I  know  of  one  party,  on  preliminary  work  in  the  Platte  Biver  Valley,  that  averaged 
10  miles  of  line  per  day,  all  one  Summer.  When  it  did  not  take  too  much  time  to 
get  connections  with  the  section  lines,  they  moved  camp  every  day,  and  sometimes 
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only  every  other  day.  Under  sach  conditions  a  man  would  be  apt  to  qaestion  whether 
life  were  worth  living. 

When  we  are  in  a  farming  district  where  corn  is  cheap  and  coal  would  have  to  be 
hauled  a  long  distance,  it  is  much  cheaper  to  use  com  (on  the  cob)  for  fuel.  Most  of 
the  time  last  Winter  we  used  com  for  that  reason.  It  cost  from  sixteen  to  twenty-two 
cents  per  bushel,  and  coal  was  worth  just  twice  as  much.  It  bums  readily  and  makes 
a  hot  fire.  We  seldom  had  any  trouble  to  heat  our  tents  even  in  the  coldest  weather. 
A  tent  will  doubtless  seem  like  very  poor  shelter,  but  after  laying  out  with 
nothing  but  blankets  for  a  covering,  as  we  had  to  do  many  a  night,  we  have  learned 
to  appreciate  it. 

One  of  the  trying  things  peculiar  to  the  West  which  we  have  to  do,  is  to  get  con- 
nection with  all  the  section  lines  and  comers  near  our  surveys.  These  comers  have 
been  established  by  all  kinds  of  methods  except  the  proper  one,  and  it  is  rarely  that 
we  find  them  as  they  should  be.  They  were  originally  put  in  by  contract,  and  if  the 
contracts  were  not  awarded  to  the  lowest  bidder  they  surely  must  have  been  given  to 
the  most  incompetent  ones.  It  was  a  poor  policy  which  led  to  this  false  economy  on 
the  part  of  the  Government,  and  it  has  cost  the  people  interested  in  it  more  than 
would  have  been  required  to  do  it  properly  at  first.  The  trouble  which  is  experienced 
by  the  railroad  companies  arises  from  the  fact  that  the  sections  are  recorded  at  the 
Surveyor-General's  office  as  being  established  accurately,  just  as  the  contractors  were 
paid  for  doing  it  Now,  in  order  to  hold  a  location  and  for  Government  information, 
our  maps,  reduced  to  a  scale  of  2,000  feet  per  inch,  showing  all  townships  and  sections, 
etc.,  have  to  be  filed  with  the  Government  at  Washington.  These  connections  are 
shown  just  as  they  occurred  on  the  ground  and  in  a  line  of  100  miles  long. 
Some  places  are  going  to  be  badly  displaced  when  they  plat  the  line  on  a  section  map 
which  is  not  as  it  is  on  the  ground. 

This  sometimes  makes  wonderful  changes  in  the  geography  of  the  country.  I  know 
of  one  place  that  is  not  within  five  miles  of  where  it  is  recorded  to  be  in  the  Surveyor- 
General's  office.  We  found  a  river  recorded  as  being  one  mile  from  where  it  actually 
flowed,  and  it  had  not  changed  its  channel.  A  long  line  seldom  passes  through  all 
the  sections,  which  it  would  have  to  in  making  it  fit  a  Government  map,  and  if  it 
goes  through  them  at  all  it  is  not  as  it  really  does  on  the  ground.  The  result  of  it 
all  is,  that  instead  of  a  line  being  where  it  is  recorded  to  be,  it  is  a  mile  or  more 
away. 

The  Union  Pacific  Railway  Company  have  three  parties  in  the  Rocky  Mountains 
besides  mine,  and  two  parties  up  in  the  range  on  reconnaissance.  They  also  have  two 
parties  in  the  Bitter  Root  Mountains  in  Idaho. 

I  am  on  the  western  slope  of  the  "  Continental  Divide  "  in  Southern  Wyoming, 
and  we  are  running  southward  to  cross  the  "  Divide"  nearHantz  Peak,  at  or  near  the 
northern  line  of  Colorado. 

The  gold  and  silver  mines  in  Northern  and  Western  Colorado,  and  the  ooal  which 
is  yet  undeveloped,  are  the  inducements  which  led  the  Company  to  make  the  surveys. 
The  Company  now  owns  and  operates  a  system  of  narrow  gauge  railroads  in  Colorado, 
which  were  built  in  times  of  mining  exitement  and  before  the  value  of  the  difilerent 
fields  was  determined  or  even  questioned. 

All  surveys  being  conducted  at  present  are  for  broad  gauge,  and  the  territory 
to  be  developed  is  undergoing  the  examination  of  the  Company's  experts. 
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The  snow  on  the  mountains  this  far  north  lasts  much  longer  than  it  does  farther 
south  in  Colorado.  The  parties  working  down  there  have  not  had  as  much  trouble 
with  the  snow  and  water  as  we  ha?e  who  are  in  Wyoming.  The  melting  snow  floods 
the  streams,  so  that  at  times  it  is  impossible  to  ford  them  or  cross  in  anj  other  way. 
The  water  is  cold  as  ice  and  runs  like  the  tail  race  of  pui^tory.  Not  many  of  the 
streams  have  bridges,  and  it  is  often  impossible  to  get  to  those  that  exist  Sometimes  a 
party  are  cut  off  from  their  supplies,  just  when  they  need  them,  by  a  stream  suddenly 
rising  a  couple  of  feet  and  preventing  the  return  of  the  teams.  Boats  are  not 
often  to  be  had,  and  cannot  always  be  managed  when  procured.  The  snow  usually 
thaws  during  four  hours  in  the  middle  of  the  day  and  then  freezes  during  the  night. 
An  unusually  warm  day  or  a  rain  (which  is  raw)  makes  a  flood,  and  it  is  hard  to  tell 
when  it  is  coming. 

Last  month  a  member  of  one  of  the  parties,  who  are  north  of  us,  tried  to  cross  the 
Platte  Biver  in  a  dug-out  at  a  rope  ferry.  The  current  was  so  swift  that  it  swamped 
the  boat  and  drowned  the  man,  although  he  held  on  to  the  cable  which  was  securely 
suspended  over  the  stream. 

The  stream  along  which  I  am  working  is  so  full  of  rocks  that  a  boat  would 
be  crushed  as  soon  as  it  was  launched.  It  is  too  deep  and  wide  to  fell  trees  so 
as  to  make  afoot-bridge,  and  we  cannot  cross  it  at  all. 

We  are  running  a  preliminary  line,  and  no  matter  how  sharp  a  bend  the  creek 
takes,  or  how  inviting  the  land  on  the  opposite  bank,  we  remain  on  one  side  all  the 
way.  A  location  in  such  a  place  would  have  to  be  made  late  in  the  Summer  or  early 
in  the  Fall. 

Most  of  the  snow,  below  the  snow  line,  is  melted  by  the  middle  of  July,  and  the 
streams  then  become  very  small. 

The  men  in  the  mountains  on  reconnaissance  obtain  their  elevations  with  the  ac^us- 
ted  barometers,  which  show  the  equivalent  height  of  a  column  of  mercury  to  the  one- 
twentieth  of  an  inch,  and  the  corresponding  elevation  in  feet  up  to  12,000  feet  above 
sea  level.  We  are  all  furnished  with  exactly  the  same  instruments,  and  twice  each 
day  note  the  variation  between  the  correct  elevation  of  camp  and  that  shown  by  the 
barometer.  When  these  reports  are  compiled,  and  it  is  found  which  were  local  and 
which  general  variations,  and  how  the  relative  elevations  affect  the  variation,  it  will 
be  of  great  assistance  in  determining  the  allowance  to  make  for  the  results  of  the 
reconnaissance.  On  May  16th  my  barometer  read  320  feet  lower  than  the  correct  ele- 
vation and  on  the  21st  280  feet  above,  showing  a  variation  corresponding  to  600  feet. 
This  variation  was  at  an  elevation  of  7,020  feet,  and  is  the  greatest  that  has  yet 
been  reported  by  any  of  the  parties.  The  greatest  variation  on  one  day  in  my  camp 
is  240  feet,  and  the  least  is  25  feet. 

When  we  cam^  into  this  country  on  the  first  of  May,  we  left  the  railway 
At  Laramie,  and  just  as  the  church  bells  were  ringing  we  started  out  over  the  "  Lara- 
mie Plains"  with  three  teams  and  fifteen  men.  It  is  always  customary  in  this  country 
for  the  party  to  walk  when  moving  camp,  and  as  we  were  not  novices  we  followed  the 
teams,  and  kept  following  them  for  seven  days  and  tramped  just  135  miles.  It  took 
a  week  to  get  in  to  where  we  began  work  on  the  survey. 

On  account  of  the  more  direct  routes  being  impassable  by  snow  and  the  streams  too 
high  to  ford,  we  had  to  go  southwestward  into  Colorado  and  then  northwestward  back 
into  Wyoming.    On  the  first  day  we  crossed  the  plains  and  reached  the  foot-hills  of 
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Medicine  Bow.  It  was  good  country  for  tramping  and  we  made  30  milee.  After 
that  we  had  mountain  roads  and  hard  traveling  all  the  way.  Two  of  the  teams  gave 
oat  in  the  first  three  days  and  had  to  be  replaced  with  fresh  ones.  In  many  places 
where  there  was  timber  the  snow  along  the  roads  was  six  feet  deep.  One  team  was 
stack  in  a'snow  bank  an  hour  and  had  to  be  shoveled  out.  ^here  were  places  where 
the  roads  were  so  steep  that  all  the  horses  would  have  to  be  put  on  to  each  load  in 
succession  until  all  were  hauled  up. 

In  the  valleys  there  were  some  bad  marslies  to  go  through,  and  many  a  time  were 
the  wagons  stuck  fast  in  mud,  axle  deep.  Sometimes  the  horses  would  sink  in  to  the 
knees,  and  then  we  had  to  take  the  load  off  and  get  the  wagon  out  before  we  could 
put  horses  to  it.  In  fording  some  of  the  streams  the  loads  had  to  be  lightened  and 
arranged  so  as  to  keep  the  bedding  and  supplies  dry ;  the  horses  had  to  swim. 

We  made  but  one  attempt  to  cross  the  country  by  a  short  route.  After  climlnng 
Independence  Mountain,  where  we  were  10,200  feet  above  sea-level,  we  found  the  road 
blocked  by  snow,  so  that  we  had  to  turn  back  and  go  down  1,200  feet  to  the  road  that 
went  around  the  long  way. 

While  on  the  move  we  did  not  pitch  the  whole  camp  every  night,  but 
merely  the  mess  tent  and  what  was  necessary  for  the  cook.  After  supper  we 
would  pick  out  a  place  where  the  rocks  were  fewest  and  roll  our  beds  out  Some- 
one would  have  a  big  camp-fire  started  by  that  time,  and  the  musicians  of  the 
party  would  enliven  our  spirits  with  the  violin  and  banjo,  and  sometimes  the  flute. 
One  by  one  we  would  leave  the  fire  and  roll  up  in  our  blankets,  and  the  trials  of  the 
day  were  soon  forgotten.  A  couple  of  inches  of  snow  fell  one  night  while  on  the  move, 
but  we  had  an  extra  tent  up  and  were  ready  for  it. 

Not  long  after  getting  in  here  the  "  mountain  fever  "  b^^n  its  work  on  the  party, 
and  at  one  time  five  of  the  men  were  down  with  it.  Three  of  them  left  and  two  others 
had  to  be  sent  to  the  Union  Pacific  hospitals.  Two  more  are  now  sick  and  not  able 
to  be  out 

The  Company  has  three  hospitals,  at  Omaha,  Denver  and  Ogden,  which  are  sup- 
ported by  an  assessment  of  25  cents  per  month  on  all  employees.  Treatment  at  the 
hospital,  or  by  any  of  the  Company's  physicians  along  their  lines,  is  furnished  gratis 
to  employees.  When  a  man  is  sent  to  hospital  his  pay  is  continued  for  one  week, 
but  he  is  kept  there  under  treatment  without  any  charges  whatever  until  cured.  In 
cases  where  an  employee  cannot  get  treatment  and  medicine  from  a  Company  physi- 
cian, or  get  to  a  hospital,  the  cost  of  treatment  is  paid  for  from  the  Hospital  Fund. 

We  are  now  encamped  in  a  cafion  where  there  is  just  width  of  bottom  land  suffi- 
cient for  a  tent  In  front  of  the  tents  the  Encampment  Creek  rashes  over  the  rocks, 
making  as  much  noise  and  fuss  as  the  Atlantic  Ocean.  Just  back  of  us  the  granite 
wall  runs  up  hundreds  of  feet  nearly  vertical,  and  then  slopes  gradually  to  a  heightof 
1,000  feet  above  the  creek.  There  is  no  road  near  us,  and  we  have  to  move  our 
camp  with  pack  mules,  and  get  our  supplies  in  the  same  way. 

I  had  to  send  down  into  Colorado,  100  miles,  to  get  as  many  mules  as  we 
need  to  pack  our  camp  with.  We  have  16  mules,  burros,  mustangs  and  bronchos, 
and  two  experienced  men  drive  and  care  for  all  of  them.  Each  animal  is  provided 
with  a  pack  saddle,  and  when  properly  loaded  can  carry  300  pounds  over  a 
very  steep  trail.  Our  cook  stov^e  and  some  other  things  have  to  be  taken  apart  to 
load  on  the  saddles.    The  tent-poles  and  mess-chest  and  table  have  to  be  abandoned 
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and  temporary  onea  made  at  each  new  camping  place.  Moving  camp  with  a  train  of 
pack  mulee  involves  the  party  in  a  number  of  riaks,  inconveniences,  denials,  and  some- 
times considerable  labor.  With  no  road  or  trail  to  follow,  and  with  endless  rocks,  un- 
derbrush and  trees  to  avoid,  the  mule  and  its  load  are  liable  to  an  occasional  accident 
All  these  things,  however,  are  taken  as  a  matter  incidental  to  the  work,  and  are 
not  of  as  much  annoyance  as  they  may  seem  to  engineers  who  are  not  familiar  with 
them. 

There  is  much  to  look  after  in  addition  to  the  engineering  work,  and  it  is  entirely 
new  to  an  Eastern  man,  but  he  gradually  becomes  familiar  with  the  new  duties  and 
finds  quite  a  variety  of  demands  on  his  resources. 

I  hope  that  at  least  a  portion  of  what  I  have  written  will  prove  interesting  to  some 
members  of  the  Club,  and  if  not,  I  ask  them  to  be  charitable  in  passing  criticism 
as  it  b  offered  only  because  the  writer  is  prompted  to  do  so  by  a  sense  of  duty. 

C.  H.  MlDDLETON, 

AsgistarU  Engineer  Union  Pacific  BaHway. 


OALOBIMETBIG    IXVESTIGATION   OF    THE   PERFORM- 
ANCE OF  A  COMPOUND  ENGINE. 

Regulab  Meetino,  November  19th,  1887. — Mr.  W.  H.  Nauman  presented  the 
following : 

The  purpose  of  this  paper  is  to  give  an  analysis  of  the  results  obtained  in  a 
series  of  interesting  trials  under  varying  conditions  with  a  compound  engine  of 
150  indicated  horse-power.  This  engine,  which  furnished  a  portion  of  the  motive 
power  of  a  large  worsted  mill  at  Augsburg,  Bavaria,  was  of  superior  workman- 
ship and  had  been  only  six  mouths  in  use.  The  primary  object  of  the  trials  was 
to  determine  whether  the  efficiency  of  the  engine  came  up  to  the  requirements  of 
the  contract,  but  the  trials  were  extended  for  the  purpose  of  determining  the  in- 
fluence of  the  steam  jackets  on  the  large  cylinder  and  receiver,  and  of  the  size  of  the 
receiver  on  the  economic  efficiency  of  the  engine.  The  experiments  were  conducted 
by  Professor  M.  Schroter  of  the  Technological  High  School  of  Munich,  Bavaria,  who 
has  published  accounts  of  them,  and  elaborate  investigations  of  the  results  obtained, 
in  Vol.  237  of  "  Dingler's  Polytechnisches  Journal,"  and  in  Nos.  I  and  2  of  Vol.  1881 
of  '^  Der  Civilingenieur."  The  present  paper  gives  a  digest  of  these  several  accounts 
as  far  as  they  are  of  importance  for  a  calorimetric  investigation  of  the  efficiency  of 
the  engine  in  these  trials.  The  computations  and  investigations  in  this  paper  have 
been  made,  by  the  translator.  Passed  Assistant  Engineer  C.  B.  Roelkea,  U.  S.  Navy, 
to  a  great  extent  independently  of  those  presented  in  the  original  accounts  of  these 
trials. 

The  engine  is  of  the  compound  type,  consisting  of  two  horizontal  cylinders  with  an 
intermediate  receiver.  The  axes  of  the  cylinders  lie  in  the  same  horizontal  plane, 
parallel  to  each  other  and  10.54  feet  apart.  The  cranks,  to  which  the  pistons  are 
coupled,  are  placed  at  an  angle  of  90  degrees.  The  horizontal  shaft  carries  a  large 
broad-faced  fly-wheel,  from  which  the  power  is  transmitted  by  means  of  rope-gearing 
to  the  machinery  of  the  mill.  Each  cylinder  is  surrounded  by  an  annular  steam 
jacket,  and  well  clothed  with  mineral  wool  and  lagged  with  wood.  The  jacket  of  the 
small  cylinder  communicates  directly  with  the  main  steam  pipe,  and  the  steam  enters 
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the  main  valve  of  this  cylinder  from  the  jacket  space.  The  jacket  of  the  large  cylinder 
is  connected  with  the  main  steam  pipe  by  means  of  a  branch  pipe.  The  piston  rod  of  the 
large  cylinder  extends  through  the  back  head.  Both  cylinders  are  provided  with  adjust- 
able cat-off  valves.  The  receiver  consists  of  a  pi  pe  having  an  in  temai  diameter  of  about 
9  inches  and  a  length  of  8.63  feet,  which  extends  underneath  the  floor  of  the  engine 
room  between  the  two  cylinders,  and  of  a  second  pipe  communicating  with  the  former 
one  and  placed  at  a  right  angle  to  it,  below,  and  parallel  to  the  axis  of  the  small 
cylinder.  This  second  receiver  pipe  has  an  internal  diameter  of  13.78  inches  and 
a  length  of  43.3  inches;  it  is  not  steam-jacketed,  but  is  well  protected  by  a  clothing  of 
mineral  wool  and  wooden  lagging.  The  first  mentioned  receiver  pipe  is  surrounded 
by  an  annular  steam  jacket,  connected  by  a  branch  pipe  with  the  main  steam  pipe ;  it 
is  also  protected  by  a  clothing  of  mineral  wool  and  wooden  lagging.  The  steam  is 
exhausted  from  the  lai*ge  cylinder  into  a  jet  condenser. 

Steam  is  supplied  by  two  horizontal  boilers. 

During  one  period  of  these  trials  (marked  b  in  the  Tables)  only  one  boiler  was 
used ;  but  it  is  assumed  that  the  economic  performance  of  the  engine  was  not  aflected 
thereby,  since  previous  experiments  proved  that  one  boiler  could  easily  supply  the 
steam  required  for  the  engine.  The  diameter  of  the  steam  pipe  is  4.72  inches,  and 
its  length  between  boilers  and  engine  about  72  feet. 

The  following  aro  some  of  the  principal  dimensions  of  the  engines: 

■ 

Small  cylinder.  Large  cylinder. 

Diameter  of  cylinder 14.67^'  24.08'' 

Stroke  of  piston 30.40''  87.44" 

Diameter  of  piston  rod 2.93"  2.93" 

Volume  swept  by  piston  per  stroke  (mean)        3.534  cu.  ft.  9.7224  cu.  ft. 

"       in  clearance  and  steam  posts    .    .  0.1515    "  0.3012    *' 

"       of  jacketed  receiver 3.7047    " 

"unjacketed    "        7.8435    " 

"  both  receivers 11.5482    " 

The  volumes  of  clearances  and  steam  passages  were  determined  by  filling  the  cyl- 
inders with  water.  The  capacities  of  the  receivers  were  calculated  from  the  drawings. 
The  other  dimensions  were  found  by  direct  measurement  of  the  engine. 

During  all  the  several  trials  the  steam  pressure  and  the  speed  of  the  engine  were 
maintained  as  nearly  as  possible  uniform,  and  the  valves  were  set  to  cut  off  the  steam 
at  very  nearly  the  same  point.  The  only  changes  made  in  the  conditions  of  the 
experiment  were  as  follows,  viz. : 

(a)  Steam  admitted  to  jackets  of  small  and  large  cylinder  and  receiver. 

(6)  The  above  experiment  repeated. 

(c)  Steam  admitted  to  jackets  of  small  cylinder  and  receiver  only. 

(d)  Steam  admitted  to  jacket  of  small  cylinder  only. 

(e)  Volume  of  receiver  reduced  by  shutting  off  unjacketed  portion ;  steam  admitted 
to  jackets  of  small  cylinder  and  receiver. 

(/)  Volume  of  receiver  reduced  by  shutting  off  unjacketed  portion  ;  steam  admitted 
to  jackets  of  small  and  large  cylinders  and  receiver. 

The  above  designation  of  these  several  experiments  by  letters  will  be  retained 
throughout  this  paper. 
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The  boilers  were  fired  with  great  care  during  all  the  experiments,  and  the 
variations  in  steam  pressure  were  so  small  as  to  be  without  appreciable  influ- 
ence on  the  working  of  the  engine.  The  throttle  was  carried  wide  open  in  all 
the  experiments. 

The  power  for  driving  the  machinery  was  partly  derived  from  two  turbine 
wheels.  Of  these,  one  was  disconnected  during  the  trials  and  the  other  was  used  as  an 
auxiliary  motor,  which  was  made  to  supply  more  or  less  power,  according  to  circum- 
stances, so  as  to  keep  the  speed  of  the  steam  engine  as  nearly  as  possible  uniform. 
In  the  small  cylinder,  the  point  where  the  steam  cut-off  valve  closed  remained  prac- 
tically unchanged  during  the  whole  time  of  these  trials.  The  cut-off  valve  of  the 
large  cylinder  was  always  regulated  during  the  first  quarter  of  an  hour,  after  the 
commencement  of  each  trial,  in  such  a  manner  that  the  terminal  pressure  on  the  sma|l 
cylinder  was  the  same  as  the  pressure  in  the  receiver  ,*  after  such  adjustment  the  cut- 
off remained  unchanged  during  each  trial. 

During  these  trials  the  engine  remained  in  operation  from  6  ▲.H  to  meridian,  and 
from  1  P.M.  to  7  p.m.  Each  trial  occupied  either  a  whole  or  a  half  day.  At  5.45 
A.M.  and  12.50  p.m.,  on  each  day,  the  height  of  the  water  in  the  boilers  was  noted  and 
the  boiler  stop-valves  were  opened.  The  water  which  had  collected  in  the  steam 
pipe  and  engine  before  the  latter  was  started  was  drained  off  and  weighed  separately. 
After  opening  the  engine  stop-valves  a  complete  set  of  indicator  diagrams  was 
taken  everiV  quarter  of  an  hour.  An  ingenious  arrangement  of  the  indicators  made 
the  motions  of  their  pistons  exactly  coincident  with  the  motions  of  the  engine  pis- 
tons and  made  the  diagrams  of  precisely  the  same  length.  The  indicators  were 
carefully  tested  before  and  after  the  experiment.  The  mean  card  calculated  from 
the  whole  number  of  cards  gave  a  fair  curve  without  correcting  the  mean  results 
obtained.    The  thermometers  and  steam  gauges  were  likewise  carefully  tested. 

The  water  condensed  in  the  jackets,  in  the  receiver  and  in  the  steam  pipe  during 
the  trials  was  measured,  each  quantity  separately  as  it  was  drained  off. 

The  feed  water  was  weighed  in  a  tank  on  a  platform  scale,  being  delivered  into  the 
tank  by  an  injector,  which  heated  the  water  up  to  95  degrees  Fahrenheit.  From  this 
tank  the  water  flowed  through  a  valve  in  the  bottom  into  a  reservoir,  whence  it  was 
fed  into  the  boilers  by  a  steam  pump,  supplied  with  steam  by  a  separate  boiler.  The 
exhaust  steam  of  this  pump  heated  the  water  to  about  117  degrees  Fahrenheit. 

The  water  discharged  by  the  air  pump  was  measured  in  an  indirect  manner,  by 
observing  the  height  of  the  water-level  in  a  tank  into  which  the  water  was  discharged 
above  an  overflow  opening,  for  which  a  co-efficient  of  discharge  had  been 
determined  experimentally.  From  the  data  thus  obtained  the  weight  of  water 
discharged  was  calculated.  The  results  proved,  however,  not  sufficiently  accurate 
for  use  in  a  calorimetric  investigation  of  the  performance  of  the  engine. 

It  is  assumed  in  the  accounts  of  these  trials  that  the  steam  contained  3  per  cent,  of 
moisture.  It  is  not  stated,  however,  on  what  grounds  this  assumption  is  based.  In 
the  following  investigation  this  condition  of  the  steam  is  assumed  to  be  correct: 
Lines  3,  5  and  6  of  Table  I  show  that  for  the  different  trials  the  variations  in  the 
boiler  pressure,  the  degree  of  expansion  and  the  speed  of  the  engine  were  so  very 
slight  that  they  could  not  exercise  any  appreciable  influence  on  the  economic  per- 
formances; and  in  investigating  the  action  of  the  steam  in  the  cylinders,  these 
elements  may  be  considered  ai  constants  in  these  trials.    Line  8  gives  the  weights  of 
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steam  condensed  in  the  warming  ap  of  the  pipes  and  the  engine  previous  to  the 
commencement  of  the  trials,  and  line  9  gives  the  weights  of  steam  condensed  in 
the  main  steam  pipe  daring  the  trials.  The  sum  of  these  two  quantities  subtracted 
from  the  total  weight  of  water  fed  into  the  boilers,  line  7,  leaves  as  a  remainder  the 
weight  of  steam  which  actually  entered  the  engine,  line  10 ;  with  the  latter  quantity  we 
have  to  deal  in  an  investigation  of  the  economic  performance  of  this  engine  under 
the  different  conditions  of  these  trials. 

Considering  that  in  the  six-hours'  trial  («)  the  weight  of  steam  condensed  in  warm- 
ing up  the  engine  was  more  than  two  per  cent,  of  the  total  weight  of  feed  water 
consumed,  we  readily  see  to  what  erroneous  conclusions  the  neglect  to  eliminate 
this  quantity  may  lead,  especially  in  trials  of  short  duration.  This  remark  applies 
also  to  the  weight  of  steam  condensed  in  the  steam  pipe,  which  varied  between 
3.6  and  4  per  cent,  in  these  trials.  We  must  remember  also  that  by  neglecting  to 
drain  the  steam  pipe  thoroughly  we  cause  not  only  an  apparent,  but  an  actual 
diminution  of  the  economic  efficiency  of  the  engine,  for  it  is  a  well-established 
principle  (of  which  the  present  trials  will  furnish  instructive  illustrations),  that  the 
presence  of  moisture  with  the  steam  in  the  cylinders  always  lowers  the  dynamic 
efficiency  of  the  latter. 

Lii^e  11  contains  the  weights  of  steam  condensed  in  the  jackets  during  the  trials, 
and  line  24  gives  the  same  weights  expressed  in  per  cent  of  the  total  weight  of 
steam  entering  the  engine.  The  weight  of  steam  condensed  in  the  jackets  of  the 
small  and  large  cylinders  and  of  the  receiver,  when  all  or  several  of  them  were 
in  use,  are  not  given  separately,  but  the  experiments  enable  us  to  determine  these 
quantities  with  a  sufficient  degree  of  exactness,  as  it  will  be  seen  from  the  figures  in 
line  24,  that  when  the  same  jackets  were  in  use  the  weight  of  steam  condensed  in 
the  jackets,  relatively  to  the  total  weight  consumed  in  the  engine,  varied  but  slightly. 
When  the  jacket  of  the  small  cylinder  alone  was  in  use  (experiment  d)  the  weight 
of  water  drained  from  the  jacket  was  2.65  per  cent,  of  the  total  weight  of  steam 
entering  the  engine,  and  we  may  assume  that  this  same  proportion  of  steam  was 
condensed  in  the  jacket  of  the  small  cylinder  in  the  other  experiments.  When 
the  jackets  of  the  small  cylinder  and  receiver  were  in  use  (experiments  e  and  «), 
the  mean  weight  of  water  drained  from  them  was  [4.62  -|-  4.69]  H-  2  =  4.655  per 
cent  of  the  total  weight  of  steam  entering  the  engine.  From  this  we  find 
4.655  —  2.65  =  2.005  per  cent,  as  the  mean  weight  of  steam  condensed  in  the  receiver 
jacket,  and  we  may  assume  that  the  same  proportion  of  steam  was  condensed  in 
the  receiver  jacket  during  the  experiments  a,  h  and  /.  When  all  three  jackets 
were  in  use  the  mean  weight  of  water  drained  from  them  in  these  experiments  was 
[10.52  +  11.5  +  10.69]  -i-  3  =  10.9  per  cent  of  the  total  weight  of  steam  consumed, 
and  consequently  on  the  foregoing  assumptions  the  mean  weight  of  water  condensed 
in  the  jacket  of  the  large  cylinder  was  10.9  —  4.655  a=  6.245  per  cent  of  the  total 
steam  used  in  the  engine. 

Line  3  gives  the  pounds  of  water  drained  from  the  receiver,  and  line  25  gives  the 
same  quantities  expressed  in  per  centum  of  the  total  weight  of  steam  entering  the 
small  cylinder. 

When  all  three  jackets  were  in  use  (experiments  a,  h  and/),  the  mean  weight  of 
water  drawn  from  the  receiver  was  [2.52  +  2.32  +  2.43]  -^  3  s  2.423  per  cent  of 
the  steam  entering  the  small  cylinder.    When  the  jacket  on  the  large  cylinder  was 
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not  in  use  (experiments  e  and  e),  the  mean  weight  of  water  drawn  from  the  receiver 
was  [2.83  +  2.88]  "1-2  =  2.855  per  cent,  of  the  weight  of  steam  entering  the  small 
cylinder.  The  increased  condensation  in  the  receiver,  due  to  the  chilling  effects  of 
the  sides  of  the  large  cylinder,  is  a  carious  phenomenon.  The  largely  increased  con- 
densation in  the  receiver  in  experiment  dy  strikingly  illustrates  the  eflSciency  of  the 
steam  jacket  on  the  receiver. 

Ck>mparing  the  quantities  in  column/,  line  25,  with  the  mean  of  those  of  columns 
a  and  6,  and  the  quantity  in  column  e  with  that  of  column  e,  we  are  led  to  conclude 
that  the  loes  of  heat  by  radiation  from  the  unjacketed  part  of  the  receiver  was  inap- 
preciable, and  that  the  loss  by  external  radiation  and  conduction  from  the  jackets 
was  likewise  very  smalL  As  the  initial  steam  pressure,  the  degree  of  expansion  and 
the  speed  of  the  engine  were  very  nearly  uniform  in  all  the  different  trials,  the  num- 
ber of  indicated  horse-power  developed  in  each  case  represents  very  nearly  the 
efficiency  with  the  respective  modes  of  working.  We  readily  see  that  the  diminution 
of  the  volume  of  the  receiver  did  not  produce  any  effect  on  the  efficiency  of  the 
engine.  We  shall,  therefore,  find  the  mean  efficiency  of  the  engine  when  all  three 
jackets  were  in  use  from  experiments  a,  h  and/.  The  mean  indicated  horse-power 
in  this  case  was  [129.38  +  131.07  + 130.83]  -5-  3  =  130.43 ;  and  when  the  jacket  of 
the  large  cylinder  was  not  used,  the  mean  indicated  horse*power,  according  to  ex- 
periments c  and  e,  was  [121.84  +  119.93]  -;- 2  s=  120.885.  Consequently  the  omis- 
sion of  the  jacket  on  the  lai^  cylinder  diminished  the  power  developed  [130.43  — 
120.885]  -f- 130.43,  and  multiplied  by  100  =  7.9  per  cent.  The  omission  of  the 
steam  jacket,  on  both  large  cylinder  and  receiver,  diminished  the  power  developed 
[130.43  — 114.74]  -r- 130.43,  and  multiplied  by  100  =  12  per  cent 

The  economic  efficiency  of  the  engine  measured  by  the  quantity  of  feed  water,  con- 
sumed per  hour  per  indicated  horse- power  with  all  three  jackets  in  use,  was  [14.920  + 
14.394  +  14.527]  -r-  3  =  14.614  lbs.;  without  jacket  on  large  cylinder  [15.219  + 
15-317]  -H  2  sas  15.268  Iba.,  or  an  increase  of  4.5  per  cent. ;  without  jackets  on  large 
cylinder  and  receiver  &=  15.914  lbs.,  or  an  increase  of  9  percent.,  and  a  corresponding 
decrease  of  efficiency.  The  net  horse-power  are  the  indicated  horse-power,  less  the 
power  required  to  run  the  engine  proper  unloaded,  at  the  same  speed  as  found  by 
experiment.  It  was  found  that  an  indicated  pressure  of  1 .2  lbs.  per  square  inch  was 
required  to  run  the  engine  at  a  speed  of  71  revolutions  per  minute,  when  disconnected 
from  shafting  and  fly-wheel. 
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TABLE  L 

Oontaimng  the  daia  of  a  aeries  of  Ex/perimenU  with  a  Ompovnd  Engine,  made  at 

Augtburg,  Bavaria. 
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TABLE  n. 

Showing  the  aetitm  of  the  steam  and  the  diitriimtion  of  power  in  the  cylinderBt  as  calcuUUed 
from  the  indicator  diagrams  and  other  data  cf  the  experiments  contained  in  Table  L 
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««         «•  •»         »•  expansion    . 

•<         <«  end  of  stroke 

"         •'     •«    ♦•  compression .... 

Total  work  done  in  foot  ponnds,  per 
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Proceedings— No  1,  Parts  I,  II  and  III,  1887. 
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April-May,  1887. 

From   the    GEOLOGICAL    AND    NATURAL 
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Sections  for  Report  G.  G.— 1885. 
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Transact ion»— Vol.  I,  March^une,  1887. 
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From     the    ASSOCIATION    OF    DOMINION 

LAND  SURVEYORS,  Ottawa,  Canada. 
Proceedings  of  4th  Annual  Meeting— March,  1887. 

From  the  AMERICAN  SOCIETY    OF  CIVIL 

ENCilNEERS,  New  York. 
Transactions— Dee.,    1886;    Jan.,    Feb.,    March, 
April,  May,  1887. 

From  the  AMERICAN  INSTITUTE  OF  MIN- 
ING EXCilNEERS,  New  York. 
Transactions — Advance  Sheets. 
List  of  OfllcerM,  Members,  Rules,  etc. — June,  1887. 
l^ransactlons— Vol.  XV,  May,  1886,  to  Feb.,  1887, 
indusive. 

From   the    AMERICAN    IRON    x\ND   STEEL 

ASSOCIATION,  PhiladelphU. 
Bulletin. 
Annual  SUtistical  Re|X)rt  for  188(). 

From  the  ASSOCIATION  OF  ENGINEERING 

SOCIETIES,  New  York. 
Journal— May,  June,  July,  August,  1887. 

From  the  INTERNATIONAL  INSTITUTE  FOR 
PRESERVING  AND  PERFECTING 
WEIGHTS  AND  MEASURES. 
The  International  SUnchird— May,  July,  1887. 

From  the  AMERICAN  PHILOSOPHICAL  SO- 
CIETY, Philadelphia. 
Proceedings-^an.  to  June,  1887.    No.  125. 

From    the   TECHNICAL   SOCIETY   OF  THE 

PACIFIC  COAST,  San  Francisco,  Cal. 
Proceedings — Dec.,— 1886, — Jan.,-Feb.,-March. — 

1887. 

From  the  SOUTHERN  SOCIETY  OF  CIVIL 

ENGINEERS,  Jacksonville,  Fla. 
Proceedings— No.  3.    No.  1.    1887. 

From  the  MASSACHUSETTS  INSTITUTE  OF 

TECHNOLOGY,  Boston,  Mass. 
Abstract  of  the  Proceedings  of  the  Society  of 

Arts— 1886-87 . 


From  the  CONNECTICUT  ASSOCIATION  OF 

CIVIL  ENGINEERS  AND  SURVEYORS. 
Transaction*— 1887 . 

From  the  RENSSELAER  SOCIETY  OF  ENGI- 
NEERS, Troy,  N.  Y. 
Selected  Papers— May,  1887. 

From  the  ENGINEERS'   CLUB  OF  KANSAS 

CITY. 
IJst  of  Member»-July,  1887. 

From  MR.  A.  N.  TALBOT,  Executive  Secretary, 

Champaign,  111. 
Report  of  2d  Annual  Meeting  of  Illinois  Society 
of  Engineers  and  Surveyors— Jan.26th-28th , 

1887. 

From  the  ENGINEERS'  SOCIETY  OF  WEST- 
ERN PENNSYLVANIA. 
Advance  Sheets. 

From  the  ENGINEERINCf  SOCIETY  OF  LE- 
HIGH UNIVERSITY,  Bethlehem,  Pa. 
Journal — April,  June,  1887. 

From  the  WAGNER  FREE  INSTITUTE  OF 

SCIENCE,  Phihi. 
Transactions— Vol.  I,  1887. 

From  the  FRANKLIN  INSTITUTE,  Phila. 
Journal— May,  June,  July,  Aug.,  1887. 

B'rom  the  BOSTON  PUBLIC  LIBRARY,  Boston, 

Mass. 
Bulletin— Winter  Numlier,  1887. 

From  the  U.  S.  COAST  AND  (iEODETIC  SUR- 
VEY, Capt.  8.  C.  McCorkle,  Active  Member 
of  the  Club,  Aast.  Sub.-Offioe,  Phila. 
Chart,  No.  204,  Galveston  Bay. 

"       "      5,  Key  West  to  Rio  Grande. 
*<       "    209,  Aransas  to  Capano  Bay. 
"        "    212,  To    the  Rio   Grande   Mountain 
Region,  North  Carolina,  and 
Teuepec  West  Coast. 
"        "   610,  Wilmington  and  San  Pedro  Har- 
bor, Washington  Territory. 
"       "   684,  Gray's  Harbor  to  Olympia. 
**       "   709,  St.  Clarence  Straits,  Alaska. 
"        "   708,  Harbors  in  St.  Clarence  Straits, 
Alaaka. 

From  the  U.  S.  GEOLOGICAL  SURVEY,  Wash- 
ington, D.  C. 
Marsh- Dinocerata.    1886.    Bound. 
Bulletins— Nos.  34  to  39,  both  inclusive. 
6th  Annual  Report— 1884-85.    Bound. 

From  the  SMITHSONIAN  INSTITUTION, 
Washington,  D.  C. 

Annual  Rei)ort— Part  I,  1885.    Bound. 
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From  the  U.  S.  NAVY  DEPARTMENT, 
Washington,  D.  C. 
Secretary's  ADDtial  Report — 1886.    Boand. 
PUot  Chart  of  North  Atlantic  Ocean  for  May, 

June,  July,  Aug.,  1887. 
ProceedingN  of  the  U.  S.  Naval  InsUtute— Vol. 

XII,  No.  2,  with  Appendix.    1887. 
Recent  Naval  Progrew — June,  1887. 

From    the   BUREAU   OF   EDUC^ATION,  DE- 
PARTMENT OF  THE  INTERIOR, 
Wiuhlngton,  D.  C. 

Report  of  theCommlmloner  of  Education,  lH84-8o. 
Bound. 

Fn»m  the  DEPARTMENT  OF  INTERNAL 

AFFAIRS,  HarrLsburg,  Pa. 
Report  of  the  Hecretary  of  Internal  AfTairB  on  the 

Boundaries  of  the  Commonwealth — 1887. 

Bound. 
Ma|w  accompanying  the  same — 1887.    Bound. 

From  PROF.  M.  THOMPSON,  State  Geologist, 

Indiana. 
Annual  Report— 188<i.    Bound. 

From  PROF.  GEO.  H.  COOK,  State  (icologist, 

New  Brunswick,  N.  J. 
Topographical  MapH  of  New  Jersey— Nos.  1,  2,  3, 

4,  6,  7,  8,  9,  11,  12,  1.1,  16  and  17. 
Annual  Report  for  1886. 

From  the  Author,  LE  MARQUIS  ANATOLE 
DE  CALKiNY,  Parijs  France. 

RechercheH  Tkkoriquet  ft  Rrjt^rhtwntahji  Ogrifftt^ 
tions  Dt  VEau  et  ie$  Machine*  HydrauU' 
ipie*  a  (hlonufji  LUjnUUs  Oscutnntcs.  Part."* 
I  and  II.    1S8:{. 

From   MR.   C^l  ULSTER  B.  DAVIS,  Hydraulic 

Engineer,  Chica^co,  111. 
Cedar  Rapids,  Iowa— Sewerage  Specifications  and 
Proposal. 

From  MR.  WM.  HAMILTON,  Sui^rintendent 

Water  Works,  Toronto,  Canada. 
Annual  Report  for  1886. 

From  MR.  JOHN  KENNEDY,  Cndcf  Engineer. 
Annual  Reports  of  the  Harbor  Commissioners  of 
Montreal,  Canada,  for  1886. 

From  MR.  ERNEST  PONTZEN,  Paris,  France. 
E.  Pontzen  et  J.   Fleury— Voles  Navigables  et 
Chemin»  de  Fer.    1mh7. 


De  Nordling- Le  Prix  de  Revient  d«^  Transports 
par  Chemin  de  fer  el  la  Question  Des.  Votes 
Navigables  en  France,  en  Pnis^e  et  en 
Autriche.    1887. 

CienUlini — Les  Voies  de  Communication  en  Cocb- 
ingine.    1886. 

(rentilini — La  Tmven^^  des  Alpes  par  le  Chemin 
de  fer  du  siniplon.    18tt7. 

From  MESSRS.  JOHN  WIUSY  &  SONS,  Pub- 

lishen,  New  York. 
Wdiington— RaOway  Location.    1HS7.    Bound. 

From  the  Author,  MR.  JOHN  BIRKINBINE, 

Active  Member  of  the  Clnb. 
RainfiUl  and  Water  Supply.    1ks7. 
Report  on  Location  of  Iron  and  Steel  Works  at 

Imluth,  Minn.    1887. 
Rt«port  upon  certain  Iron  and  Manganese  Ore 

Properties  in  North  Carolina  and  (ictiiida. 

May,  1887. 

From  MR.  E.  L.  CORTHELL,  Active  Mtiul*r  of 

the  cnub. 
Memoir  of  James  Buchanan  Ead^.    1887. 

From  MR.  E.  V.  D'INVILLIERS,  Active  Mob- 

ber  of  the  Club. 
McCreath   and   d'InvilUere— The  New    liiver- 
C^pple  Creek  Mineral  Region  of  Virginia. 

1887. 

From  PROF.  L.  M.  HAri*T,  Activt-  Member 

of  the  (lub. 
HarlNtr  and  River  Improvement — Necc^ity  for  a 

Radical  Change  in  the  MethiMl  of  Ap|>lying 

Tidal  Scour. 

From  the  Author,  MR.  J.  C.  TRAUTWINE,  JR., 

Active  Member  of  the  (lub. 
Traut  wine— The  Civil  Engineerh'  Pocket   Book, 

revised  by  J.  C.  Trautwiue,  Jr..  C.  E.  1887. 

Bound. 
Trautwine  —  Excavations    and    Embankments. 

1887.    Bound. 
Trautwine— Curves.    1887,    Bound. 

ADDITIONS  TO  EXCHANGE  LIST. 

Southern  Society  of  Civil  Engineers. 
Connecticut  Association  of  Civil  Engineers  and 

Surveyors. 
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BOOK  NOTICE. 

The  Economic  Theory  of  the  Location  of  Railways.    By 
Arthur  Mellen  Wellington.     New  York,  1887. 

Ten  years  ago  the  first  edition  of  this  work  was  issued  and 
instantly  achieved  success.  Though  the  style  was  often  ob- 
scure, it  was  the  only  book  that  treated  on  the  subject.  Most 
of  the  location  of  new  roads  was  in  the  hands  of  men  who 
had  gained  their  knowledge  entirely  by  experience  in  the 
field,  who  had  been  connected  with  engineering  parties  from 
their  youth  up,  beginning  as  chainmen  or  rodmen,  and  whose 
energies  were  expended  in  improving  trifling  details  of  align- 
ment, without  a  proper  conception  of  the  true  effects  for  pro- 
ducing a  maximum  return  on  the  investment  of  capital,  of  dis- 
tance and  curves,  ruling  gradients  and  traffic  centres.  The 
present  edition  of  the  book  is  a  very  great  advance  over  the 
previous  one.  A  great  part  of  the  intervening  time  must  have 
been  employed  by  the  author  in  accumulating  facts,  and  the 
large  amount  of  research  displayed  in  the  numerous  tables  indi- 
cates not  merely  enormous  industry,  but  likewise  peculiar  advan- 
tages for  collecting  detailed  information.  The  result  is  a  work 
which  all  locating  civil  engineers  must  have  in  a  most  accessible 
place  in  their  libraries.  It  is  true  that  even  yet  we  may  be  often 
irritated  by  the  style  of  the  author,  but  all  will  be  willing  to 
overlook  this  in  consideration  of  the  service  he  has  rendered 
them.  Even  though  his  dogmatism  will  often  arouse  the  spirit 
of  contradiction,  yet  as  the  author,  on  a  little  reflection,  generally 
seems  to  be  right,  one  can  overlook  the  annoyance.  The  society 
is  never  pleasant,  however,  of  a  very  positive  man,  who  tells 
another  squarely  that  he  is  wrong.  This  was  probably  the  fault 
of  Dr.  Fell,  so  well  known  in  English  nurseries,  to  whom  the 
repugnance  could  not  be  explained. 

Mr.  Wellington  too  often  condemns  the  work  of  others  when  he 
takes  his  information  at  second  hand,  and  may  be  sometimes 
incorrect  in  fact,  and  at  others  may  not  know  all  the  motives  that 
actuated  those  whom  he  criticises,  which  motives  would  perhaps 
have  similarly  governed  Mr.  Wellington  himself.     Descriptions 
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of  work  are  seldom  given  in  sufficient  detail  in  popular  notices, 
or  even  in  professional  papers,  to  enable  one  to  use  them  for  a 
different  purpose  to  what  the  writer  intended. 

As  far  as  most  railroads  are  concerned,  it  may  be  doubted 
whether  Mr.  Wellington  has  not  magnified  the  evils  of  a  bad 
location  in  a  financial  point  of  view.  Certainly  one  would  think 
that  in  a  country  where  the  capital  charge  is  only  one-third 
that  of  the  railroads  of  England,  and  rates  are  not  very  diflFerent 
on  passenger  traffic,  and  about  one-half  as  much  on  freight,  that 
they  ought  to  pay  much  more  handsomely,  even  though  the  in- 
terest rate  is  less  in  England  ;  whereas,  the  contrary  is  the  fact. 
The  reason  is,  however,  rather  in  unrestricted  competition  than 
in  bad  location.  The  layman  would  say  the  remedy  for  a  rail- 
way not  paying  would  be  to  raise  the  rates.  Railroad  men  know 
that  this  cannot  be  done  arbitrarily.  It  is  probable  that  even 
if  a  better  location  caused  more  economy  in  working  or  first  cost, 
that  rates  would  be  reduced  so  as  to  neutralize  the  advantage  to 
the  stockholders.  The  true  remedy  seems  to  be,  to  prevent  the 
paralleling  of  existing  roads,  which  is  a  legislative  rather  than 
an  engineering  one.  Until  the  legislators  become  capitalists, 
there  seems  no  prospect  of  railroads  experiencing  any  such  relief. 

One  striking  peculiarity  of  American  railroads  is,  that  so  many 
of  them  were  built  without  aYiy  expectation  of  the  shareholders 
receiving  a  profit,  the  latter  going  to  the  bondholders,  who  re- 
ceive a  bond  for  more  than  they  invest  in  money,  or  else  to  the 
owners  of  property  which  will  be  greatly  benefited  by  the  con- 
struction. Business  must  be  stimulated  at  the  expense  of  rates, 
and  only  the  public  at  large  is  interested  in  the  reduction  of  cost 
which  a  better  location  allows,  and  the  way  in  which  they  are 
regarded  by  the  great  capitalists  is  shown  by  a  celebrated  remark 
of  one  of  them — "  D the  public."  The  saving  to  the  stock- 
holders by  a  more  judicious  location  is  therefore  of  small  interest 
to  the  original  projectors  who  build  the  road.  C. 
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ANNUAL  ADDRESS 

OP 

Thomas  M.  Cleemann,  Retiring  President. 

Delivered  Janvary  lAth^  1888. 

Gentlemen  : — It  is  very  gratifying  to  me,  in  delivering  over  to 
my  worthy  successor  the  high  office  to  which  you  called  me, 
that  the  Club  has  continued  to  prosper  during  my  term,  and  that 
its  membership  has  increased  2.4  per  cent.  We  have  just  cele- 
brated our  tenth  anniversary,  and  it  seems  to  me  that  it  will  be 
interesting  to  compare  our  growth  with  that  of  other  similar 
associations  that  have  preceded  us,  and  whose  success  should  be 
a  strong  incentive  to  us  to  emulate  them,  and  show  how  a  local 
society  in  the  chief  manufacturing  city  compares  with  those  pro- 
fessedly national,  with  their  much  larger  field  from  which  to 
draw.  To  illustrate  this  I  have  prepared  a  diagram,  showing 
the  growths  of  the  English  Institution  of  Civil  Engineers,  the 
American  Society  of  Civil  Engineers  and  our  own  Club: 

VOL.  VI. — 15. 
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A  hypothetical  extension  of  one  of  these  curves  seems  to  place 
our  Club  in  the  position  of  our  leading  American  Society,  as  fiar 
as  numbers  are  concerned,  within  another  decade.  Whether 
the  future  shall  prove  the  accuracy  of  this  forecast  or  not, 
depends  largely  on  you,  gentlemen,  and  your  successors.  Mem- 
bers will  flock  to  us  if  you  furnish  valuable  papers ;  and  here, 
where  so  much  that  is  novel  in  engineering  is  each  year  being 
brought  out,  you,  whose  brains  furnish  these  novelties,  should 
exert  yourselves  to  put  our  Club,  not  in  the  front  rank,  it  is  there 
already,  but  at  the  head  of  all  technical  societies.  It  may  be  profit- 
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able  to  take  a  glance  at  what  Philadelphia  and  Pennsylvania 
have  already  accomplished.  Our  State  has  just  celebrated  the 
centennial  anniversary  of  the  adoption  of  the  Constitution  of  the 
United  States  in  this  city.  The  convention  that  completed  the 
formation  of  a  nation  from  a  group  of  confederated  states  was 
invited  to  see  the  first  successful  steamboat  move  on  the  Dela- 
ware on  August  22d,  1787.  This  was  John  Fitch's  boat,  which 
the  next  year  plied  regularly  between  Philadelphia  and  Burling- 
ton. In  1805  Oliver  Evans  ran  a  dredging  machine  from  his 
shop  at  Ninth  and  Market  Streets  along  the  latter  street,  within  a 
stone's  throw  of  where  you  now  sit,  by  means  of  its  own  steam, 
to  the  Schuylkill,  from  which  place  it  paddled  itself  round  to  the 
point  in  the  Delaware  where  it  was  to  work,  thus  being  the  first 
locomotive  in  America.  He  had  petitioned  our  legislature  for 
the  exclusive  right  to  build  steam  engines  as  early  as  1786. 

Dr.  Robins  has  shown  us  that  the  first  permanent  tramway  in 
America  was  built  by  the  ancestor  of  our  member,  Mr.  Field,  in 
our  neighboring  County  of  Delaware,  in  1809.  Though  this 
was  followed  by  some  others  of  small  size  in  other  parts  of  the 
country,  the  first  one  on  a  grand  scale  was  also  in  our  State,  that 
at  Mauch  Chunk,  nine  miles  in  length,  finished  in  1827.  In 
1828  surveys  were  made  for  a  railroad  between  Philadelphia  and 
Columbia.  The  chief  engineer  was  Major  John  Wilson,  the 
grandfather  of  our  vice-president,  who  is  to  take  the  oflSce  of 
president  to-night,  who  was  so  far  seeing  that  he  had  the  year 
before  recommended  a  railroad  rather  than  a  canal ;  the  assistant 
engineers  were  Henry  R.  Campbell,  the  uncle  of  our  secretary, 
and  Robert  Pettit,  the  father  of  another  of  our  members.  So  we 
see  how  closely  our  Club  is  connected  with  the  earliest  railroad 
engineers  in  the  country.  The  Pennsylvania  canals  were  built 
between  1826  and  1833,  and  three  of  their  engineers,  Wm.  Strick- 
land, Sam.  H.  Kneass  and  S.  W.  Roberts,  have  descendants  en- 
rolled as  members  of  our  Club.  It  was  during  those  early  Penn- 
sylvania surveys  that  the  engineer's  transit  was  invented  and 
made  by  Mr.  Young  of  this  city,  an  instrument  now  universally 
used  by  American  engineers. 

The  modern  railroad  is  considered  to  date  from  the  locomotive 
trial  on  the  Liverpool  and  Manchester  Railroad  in  October,  1829, 
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when  Stevenson's  engine,  the  Rocket,  carried  off  the  prize.  Be- 
fore the  news  of  this  competition  could  have  reached  the  United 
States,  our  honorary  member,  whom  the  growing  infirmities  of 
age  alone  prevent  his  attendance  here  to-night,  Mr.  Moncure 
Robinson  reported  on  a  railroad  over  the  Allegheny  Moun- 
tains and  proposed  using  locomotives.  He  had  seen  the  crude 
machines  of  that  day  at  work  in  the  colliery  districts  of  England. 
Trevethick  had  constructed  a  locomotive  in  1804  which  made 
five  miles  an  hour,  using  cog-wheels  for  adhesion,  though  they 
were  not  necessary.  Stevenson's  first  locomotive  had  been  tried 
in  1814,  but  it  was  only  adapted  to  hauling  heavy  loads  at  a  slow 
pace,  four  miles  per  hour,  and  he  considered  it  only  applicable 
to  level  roads ;  but  Mr.  Robinson  saw  its  possibilities.  He  was 
connected  with  the  construction  of  the  canal,  from  Richmond  up 
the  James'  River,  in  1823  and  1824,  but  he  advocated  the 
advantage  of  a  railroad  over  a  e^nal,  and  because  the  State 
Commissioners  were  too  conservative  tp  follow  him  he  resigned. 
The  "  Principal  Engineer  "  of  the  State,  uterjer  date  July  1st,  1826, 
reported  against  a  railroad  and  said:  ''Ih.the  making  of  a 
railway  we  have  two  things  to  consider,  the  rotfe  and  the  foun- 
dation. The  dimensions  and  strength  of  the  rails  ate  determined 
by  the  weight  they  have  to  support;  hence  the  quaA^ty  of  iron 
wanted  is  the  same  everywhere ;  but  from  an  estimaifcpl  have 
seen,  cast  rails  in  England  cost  $62  a  ton,  delivered.  B^re,  on 
the  contrary,  before  delivery,  they  would  probably  cost  at^'l^ast 
$112,  and  their  price  might  be  advanced  by  a  greater  dema?^- 
So  much  for  the  iron. 

'*  In  regard  to  the  foundation,  it  will  be  suflBcient  to  enumerate 
its  principal  difficulties  to  give  an  idea  of  its  considerable  ex- 
pense. For  a  double  railway  a  road  must  be  made  about  thirty 
feet  wide;  it  must  be  graduated  with  mathematical  precision,  not 
inclining  more  than  one-eighth  of  an  inch  to  the  running  yard  ; 
it  must  not  form  abrupt  curves,  hence  numerous  deep  cuts  and 
expensive  embankments;  or,  if  these  are  not  adequate  to  the  ob- 
ject of  avoiding  great  curvatures,  expensive  stationary  engines 
and  inclined  planes  must  be  constructed  to  carry  the  road  in  a 
direct  line  over  such  elevations  as  could  not  be  graduated  at  the 
maximum  angle  which  will  allow  the  operation  of  the  loco- 
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motive  engine.  Along  cliflFs,  the  railroad  must  be  kept  above 
high  water,  and  held  up  by  walls  or  paved  banks,  as  expensive 
as  along  a  canal. 

"  It  must  be  carried  over  every  creek  by  stone  or  iron  bridges, 
which  would  be  a  serious  cause  of  expense  along  the  valley  of  a 
large  river  which  receives  a  great  many  tributaries  of  all  sizes, 
none  of  which  should  be  suflFered  to  reach  the  railway ;  whereas 
a  canal  may  receive  many  of  the  minor  ones.  It  is  of  the  utmost 
importance  that  a  railway  should  be  dry  and  firm ;  this  requires 
side  ditches  to  drain  it,  and  trenches  filled  with  broken  stones 
under  the  foundations  of  the  rails;  for  this  reason  also,  the  ex- 
pense of  deep  cuts  would  be  increased  by  the  difficulty  of  drain- 
ing them,  and  that  of  embankments  by  the  necessity  of  placing 
in  their  body  masses  of  broken  stones  to  act  as  sinks  and  prevent 
water  being  retained  by  them.  If  all  these  difficulties,  and 
many  others  which  it  would  be  too  minute  to  detail,  are  prop- 
erly weighed,  how  could  a  railway  cost  less  than  a  canal  in  a 
valley  so  broken  and  intersected  by  streams  and  drains  as  that  of 
James  River?" 

The  maximum  grade  mentioned  by  this  gentleman  of  J  of  an 
inch  per  yard,  or  about  J  of  1  per  cent.,  seems  strange  to  us  who 
do  not  hesitate  to  use  grades  of  three  times  this  amount  in  ordi- 
nary country,  or  even  twelve  times  as  much  in  the  mountains. 

In  consequence,  apparently,  of  the  Principal  Engineer's  report, 
the  canal  was  built,  and  it  is  interesting  to  note  that  more  than 
fifty  years  aften^-ards  the  speaker  was  himself  engaged  in  build- 
ing  a  railroad  up  that  very  tow-path. 

It  is,  perhaps,  idle  to  speculate  on  what  might  have  resulted  in 
our  country  had  Mr.  Robinson's  suggestions  been  followed. 

Philadelphia  had  not  yet  lost  her  commercial  supremacy, 
though  the  construction  of  the  Erie  Canal  was  fast  taking  the 
business  to  New  York.  It  was  still  the  financial  centre  of  the 
country,  as  the  United  States  bank  had  not  yet  failed.  It  retains 
only  its  manufacturing  superiority.  If,  however,  the  connection 
had  been  made  between  the  East  and  the  West  by  means  of  a 
railroad  in  the  James  River  valley,  where  but  one  summit  was 
to  be  crossed  to  the  waters  of  the  Ohio,  and  a  road  could  have 
been  built,  perhaps  with  grades  as  favorable  as  those  on  the  New 
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York  Central,  twenty  years  before  the  lines  forming  the  latter 
were  built  to  Lake  Erie,  it  might  have  exerted  a  controlling 
influence  in  the  West.  Had  Virginia  constructed  such  a  link 
in  those  early  days,  who  shall  say  how  the  destinies  of  the 
country  might  have  been  changed  ?  She  might  have  continued 
in  the  front  as  the  most  populous  and  prosperous  of  the  States. 
Her  enormous  mineral  wealth  now  being  developed  b}^  so  many 
of  our  members  would  have  been  sooner  made  available  to  the 
world,  and  the  present  wealth  of  New  York  and  Pennsylvania 
might  have  been  joined  together  within  her  bounds. 

In  the  early  development  of  the  American  locomotive,  most  of 
you  know  of  the  improvements  which  Philadelphia  furnished 
through  Mr.  Norris,  whose  family  is  represented  in  our  member- 
ship, and  Mr.  Harrison,  whose  technical  library  was  generously 
given  to  the  Club  by  his  widow\ 

Let  us  now  see  how  our  State  and  City  have  taken  the  lead 
in  bridge  engineering.  In  1796,  in  the  western  part  of  the 
State,  the  first  modern  suspension  bridge  was  built  by  Finley. 
It  was  specially  distinguished  by  having  a  stiffening  truss.  It 
was  a  chain  bridge  in  which  the  links  were  "upset"  at  the 
ends,  with  iron  of  an  ultimate  strength  of  60,000  pounds  per 
square  inch,  and  a  factor  of  safety  of  J  to  ^  was  used.  It  is  ex- 
traordinary how  scientifically  this  bridge  was  designed  at  so 
early  a  day.  Finley  afterwards  built  a  bridge  of  408  feet  span 
over  the  Schuylkill,  before  the  year  1808,  near  the  present  Laurel 
Hill  steamboat  landing,  which  was  shown  in  an  engraving  which 
Mr.  Graff  once  exhibited  to  the  Club.  The  first  mire  suspension 
bridge  was  the  one  built  by  Chas.  Ellet,  a  distinguished  engineer 
from  our  neighboring  County  of  Bucks,  in  1841  and  1842,  across 
the  Schuylkill,  where  the  present  Callowhill  Street  bridge  stands. 
In  bridges,  our  city  has  always  been  foremost.  The  largest  one 
of  wood  ever  constructed  was  that  which  preceded  Ellet*s  wire 
bridge,  and  was  a  wonderful  example  of  framing  when  it  was 
built  in  1810.  The  first  skew  arch  bridge  built  in  the  United 
States,  with  a  series  of  square  rings,  was  the  Reading  Railroad 
bridge  at  the  Falls  of  the  Schuylkill.  The  first  wrought  iron 
bridge  posts  used  in  the  United  States  were  in  the  Pennsylvania 
Railroad  bridge  at  the  Arsenal,  since  replaced  with  a  stronger 
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structure.  The  first  arch  bridge  hinged  at  the  centre  and  the 
ends  ever  built,  designed  by  our  new  president,  carries  the  Penn- 
sylvania Railroad  tracks  into  the  grain  warehouse  in  West  Phila- 
delphia. 

The  cast  iron  arch  at  Chestnut  Street,  designed  by  one  of  our 
past  presidents,  is  probably  the  finest  example  of  that  style  of 
construction  in  the  country,  and  one  of  the  latest  types  of  bridge, 
the  cantilever,  now  spans  the  Schuylkill  at  Market  Street,  de- 
signed by  one  of  our  members.  With  the  theory  of  bridge  con- 
struction, too,  our  city  was  early  connected.  It  is  true  that  the 
first  accurate  method  of  calculating  bridge  stresses  in  trusses  was 
published  by  Whipple,  in  1847,  in  the  State  of  New  York.  As 
he  printed  and  sold  his  books  himself  in  an  interior  town,  it  did 
not  rapidly  become  known.  In  1851,  the  father  of  our  past 
president.  Prof.  Haupt,  at  that  time  connected  with  the  Pennsyl- 
vania Railroad,  published  his  work,  not  entirely  complete,  it  is 
true,  as  regards  the  stresses  on  the  braces,  but  a  great  advance 
over  any  other  work,  except  Whipple's.  Latham's  book,  in 
England,  was  not  published  until  1858,  and  Ritter's,  in  Ger- 
many, in  1863. 

It  has  been  suggested  by  one  of  our  members  that  the  Club 
should  be  somewhat  more  aggressive,  and  let  the  people  of  Phila- 
delphia generally  learn  of  what  calibre  its  members  are  com- 
posed. This  seems  necessary  from  the  fact  that  when  experts 
are  wanted  by  the  city  authorities  to  advise  them  on  engineering 
subjects  they  go  abroad  for  their  advice.  A  few  years  ago  the 
American  Society  of  Civil  Engineers  was  asked  to  recommend 
certain  members  from  their  body  to  report  on  a  proper  system  of 
paving  for  this  city.  These  gentlemen  made  an  excellent  report, 
but  as  they  recommended  an  expenditure  of  $22,000,000,  our 
Councils  seem  to  have  considered  that  Philadelphia  was  too  poor 
a  city  to  do  things  in  a  New  York  way,  and  little  has  been  done 
toward  carrying  out  the  recommendations  of  the  Board.  As  the 
expense  was  to  be  distributed  over  a  series  of  years,  costing 
$2,000,000  per  year,  and  as  after  the  fitting  up  of  the  Public 
Buildings  there  will  be  no  need  to  tax  the  people  $800,000  for 
that  object,  it  is  suggested  that  this  amount  be  still  collected  and 
used  each  year  for  improving  the  streets.    Though  that  will  not 
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improve  them  as  rapidly  as  the  New  York  experts  suggested,  it 
will  yet  produce  an  immense  change  for  the  better,  and  a  manu- 
facturing city  which  requires  so  much  hauling  to  advance  its  pros- 
perity can  save  its  citizens  much  more  in  wear  and  tear  than 
the  expense  of  the  improvement.  The  city  is  not  wanting,  how- 
ever, in  proper  knowledge  as  to  how  to  bring  it  into  a  foremost 
rank.  How  to  improve  the  water  supply  has  been  pointed  out 
in  the  minutest  detail  by  members  of  our  Club,  and  if  the  City 
Councils  can  but  divest  themselves  of  their  parsimonious  ideas, 
they  can  be  sure  that  the  money  asked  for  by  the  heads  of  de- 
partments will  be  expended  as  judiciously  as  possible,  both  with 
reference  to  economy  and  skill. 

Among  the  great  engineering  works  in  progress  throughout 
the  world  I  can  allude  to  but  a  few. 

That  which  excels  in  magnitude  any  that  is  going  on  else- 
where is  the  Panama  Canal.  This  is  viewed  with  especial  interest 
by  Americans  for  several  reasons.  In  the  first  place  it  is 
regarded  as  a  work  which  should  be  exclusively  American,  and 
that  no  European  government  should  have  the  credit  and  con- 
trol of  it  in  the  event  of  its  success.  Again,  although  American 
engineers  were  invited  to  be  present  at  a  sort  of  advisory  congress 
which  was  held  in  Paris  at  its  inception,  yet  their  recommenda- 
tions were  ignored,  and  a  different  route  was  adopted  to  that 
which  their  superior  knowledge  of  the  country  pointed  out  as 
the  best.  As  far  as  any  political  complications  may  arise,  our 
countrymen  are  keeping  very  quiet.  The  cause  is  probably  to 
be  found  in  the  conviction  that  the  canal,  as  an  open  cut  from 
ocean  to  ocean,  will  never  be  accomplished  by  the  present  com- 
pany. When  it  has  become  bankrupt  it  will  be  time  to  acquire 
control.  What  annoys  the  American,  however,  is  the  great 
amount  of  money  which  is  wasted  in  the  present  canal,  which 
might  have  been  so  much  better  applied  probably  on  the  San 
Bias  or  other  route.  The  collapse  of  the  present  company  is  as 
likely  to  produce  as  disastrous  results  to  the  finances  of  the 
French  people  as  the  famous  South  Sea  Bubble  or  Law's  Missis- 
sippi scheme  to  those  of  England.  Even  should  a  sufficient 
amount  of  wealth  still  be  poured  out  to  make  the  necessary  cut 
through  the  mountains,  tlie  cost  of  maintenance  would  probably 
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preclude  any  profit  arising  from  the  traffic.  The  difficulty  of 
■controlling  the  Chagres  River  in  times  of  flood  does  not  seem  to 
be  sufficiently  appreciated  by  the  present  management,  and 
whether  the  immense  dam  for  impounding  the  waters  is  finally 
adopted,  or  the  cutting  of  a  parallel  canal  to  receive  the  surplus 
volume  of  a  stream  which  rises  in  its  banks  sometimes  forty  feet 
in  a  single  night,  does  not  yet  seem  te  be  decided  on  by  the 
authorities  as  far  as  can  be  discovered,  though  the  control  of  these 
waters  seems  a  vital  element  in  the  success  of  the  canal. 

Since  the  above  was  written  it  is  announced  that  the  Compte 
de  Lesseps  has  at  last  given  up  his  dream  of  a  sea-level  canal, 
and  will  overcome  the  Culebra  pass  by  means  of  ten  locks. 
Thus  is  the  opinion  of  American  engineers  justified,  and  any 
advantage  which  the  Panama  route  had  over  that  by  Lake 
Nicaragua  entirely  neutralized. 

Among  other  works  of  magnitude  it  is  satisfactory  to  note 
that  the  deepest  foundations  yet  constructed  are  now  being 
carried  out  by  an  American  company  which  contained  one  of 
our  past-presidents.  The  foundations  of  the  Hawkesbury  bridge 
in  Australia,  the  building  of  which  was  obtained  by  Americans 
in  the  face  of  English  competition,  are  about  185  feet  deep 
below  the  high  water  surface.  At  such  a  depth  compressed  air, 
which  has  facilitated  the  construction  of  other  very  deep  foun- 
dations, could  not  be  used  on  account  of  its  evil  effects  on  the 
men,  and  a  method  of  dredging  inside  caissons  is  being  carried 
out,  as  far  as  is  yet  learned,  perfectly  successfully. 

The  largest  railroad  bridge  in  America  has  been  designed  by 
members  of  our  Club,  and  will  probably  soon  add  another 
to  the  many  triumphs  of  bridge  skill  across  the  Ohio.  The 
Phoenix  Bridge  Company  has  designed  a  combined  railroad 
and  highway  bridge  of  550  feet  span,  exceeding  by  30  feet 
or  more  the  previous  maximum  truss  railroad  bridge  in 
America.  We  have  for  a  long  time  been  able  to  boast  of  our  ex- 
ceeding great  structures,  surpassing,  and  usually  far  surpassing, 
those  of  other  countries.  Now,  however,  our  English  and  Scotch 
cousins  have  awakened  to  the  fact  of  our  superiority  and  are  con- 
structing one  of  1,710  feet  span.  This  will  exceed  by  more  than 
100  feet  our  own  beautiful  East  River  structure,  and  will  like- 
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wise  be  designed  to  carry  a  heavier  load,  a  modem  locomotive 
and  train.  The  plan  is  composed  of  cantilevers,  now  so  popular 
a  method  of  construction,  and  to  an  American  eye  has  the  pro- 
verbial English  appearance  of  heaviness.  It  would  be  unsafe  to 
say,  without  a  laborious  computation  of  the  stresses,  whether  the 
appearance  is  intrinsic  in  the  design.  It  is  to  be  hoped,  however, 
that  it  may  soon  become  necessary  to  construct  a  similarly  great 
bridge  in  the  United  States  for  an  equal  load,  so  that  it  may  be 
seen  whether  an  American  design  on  even  such  a  monumental 
scale  will  not  retain  the  appearance  of  lightness,  which  to 
American  eyes  is  so  attractive,  in  spite  of  the  English  dogma, 
or  heresy,  that  what  is  strong  should  look  strong.  On  the  con- 
trary, it  seems  that  when  a  structure  that  is  strong  looks  weak  it 
is  a  sign  that  the  onlooker's  eyes  or  judgment  are  at  fault,  and 
should  be  corrected  to  correspond  with  the  truth.* 

In  conclusion,  gentlemen,  I  have  only  to  thank  you  for  the 
great  courtesy  you  have  always  showed  to  me,  and  to  express 
the  hope  that  your  career  will  increase  in  prosperity  as  the  years 
roll  on,  so  that  your  reputation  shall  be  national  or  even  uni- 
versal. 


OPENING  ADDRESS 

OF 

Joseph  M.  Wilson,  President, 

On  Taking  the  Chaie  for  1888. 
Presented  January  14<A,  1888. 

Fellow  Members  : — I  beg  to  thank  you  for  the  compliment 
you  have  paid  me  in  electing  me  to  the  position  of  your  Presi- 
dent, and  I  trust  that  I  may  be  able  to  show  my  appreciation  of 
the  honor  and  my  deep  interest  in  the  Club,  not  only  by  giving 
my  earnest  attention  to  the  duties  which  appertain  to  the  oflBce, 

*  An  excellent  location  for  such  a  long  span  bridge  in  tlie  United  States  is  betweeo 
New  York  and  Jersey  City,  and  it  is  satisfactory  that  an  American  engineer  has 
lately  designed  in  all  its  details  a  bridge  for  that  place  of  the  unprecedented  span  of 
2,850  feet,  or  more  than  1,000  feet  greater  than  the  Scotch  one.  Let  as  hope  that  it 
may  be  speedily  built. 
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but  also  by  using  my  utmost  endeavors  to  encourage  whatever 
will  tend  to  the  Club's  advancement  and  prosperity.  I  am  very 
much  afraid,  however,  that  my  efforts  will  suffer  by  comparison 
with  those  of  my  worthy  predecessor,  whose  deep,  earnest  devo- 
tion to  the  welfare  and  progress  of  the  Club  and  close  attention 
to  duties,  have  gained  for  him  a  reputation  that  it  would  be 
difficult  to  surpass. 

A  club  of  this  kind  has  a  wide  field  open  to  it,  with  great 
capabilities  for  good  work,  even  greater  in  some  respects  than 
would,  perhaps,  obtain  in  a  more  prominent  or  more  widely 
spread  society,  where  the  restrictions  and  responsibilities  are  in- 
creased. The  young  life,  the  liberality  as  to  eligibility,  the  local 
interest  and  acquaintance  among  the  members,  and  the  freedom 
from  the  trammels  that  would  encompass  an  older  and  more  con- 
servative organization,  where  the  establishment  of  a  precedent 
must  always  be  considered,  give  greater  opportunities  and  enable 
matters  to  be  taken  up  and  discussed  in  a  way  that  would  hardly 
obtain  elsewhere. 

There  are  numerous  practical  subjects  of  great  importance  and 
interest,  not  only  to  the  engineer,  but  to  the  architect,  the  manu- 
facturer or  the  citizen,  that  might  be  brought  before  the  Club 
with  advantage.  Much  of  this  kind  of  work  has  already  been 
done,  but  cannot  the  usefulness  of  the  Club  be  still  further  in- 
creased in  this  direction  ?  For  instance,  there  are  local  questions 
upon  which  a  gratuitous  opinion  from  among  those  best  qualified 
to  judge,  might  be  of  great  benefit  to  the  public.  Papers  upon 
the  practical  details  of  such  matters  as  lighting  by  electricity, 
electro-motors,  storage  batteries,  the  heating  and  ventilating  of 
buildings,  sanitation,  practical  information  on  the  locality  and 
quality  of  the  various  woods,  stones  and  other  materials  used  in 
construction,  and  an  almost  endless  variety  of  subjects,  might  be 
proposed  for  this  purpose. 

It  would  be  an  excellent  thing  to  prepare  a  list  of  such  subjects 
and  to  have  it  posted  where  all  may  see  it,  and  from  which  selec- 
tions could  be  made. 

Members  might  hand  in  new  suggestions  from  time  to  time,  as 
they  felt  the  want  of  information.  These  papers  need  not  be 
long — the  closer  they  adhere  to  the  practical  part  of  the  subject 
the  better. 
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The  Club  numbers  among  its  members  very  many  practical 
men  in  all  departments  of  engineering,  architecture  and  manu- 
facturing, and  its  generous  policy  as  to  admission  to  its  Associate 
class  makes  it  just  the  place  for  such  papers. 

The  Club  has  had  a  good  past,  it  is  in  the  tide  of  present  suc- 
cess, and  before  it  lies  a  great  future,  if  it  is  properly  developed 
and  encouraged.  My  heart  and  hand  are  with  it.  Will  you  all 
join  me  in  wishing  it  prosperity  ? 


XXVII. 

SOME  NOTES  ON  RAILROAD  CONSTRUCTION  WHICH 
MAY  BE  OF  USE  TO  ASSISTANT  ENGINEERS. 

By  Theodore  Low,  Active  Member  of  the  Club. 
Bead  AprU  2d,  1887. 

When  the  Assistant  or  Division  Engineer  is  placed  in  charge 
of  any  piece  of  railroad  work,  the  first  question  brought  before 
his  mind  is :  how  will  I  manage  this  work  to  the  best  advantage? 

This  question  having  arisen  after  a  thorough  inspection  of  the 
line  or  work  to  be  performed,  the  next  thing  in  order  is  to  find 
the  method  sought  for. 

One  source  of  annoyance,  to  say  the  least,  is  the  number  of 
long  and  short  stations  that  often  occur  on  the  location  turned 
over  to  the  Assistant  Engineer.  These  long  and  short  stations 
are  due  to  the  number  of  necessary  revisions  of  the  first  location; 
but  instead  of  having  the  location  broken  during  construction, 
the  entire  line,  after  all  revisions  have  been  made,  should  be  re- 
run, by  beginning  the  stationing  of  the  line  at  the  starting  point 
and  carrying  the  same  enumeration  through  to  the  end. 

The  next  step  is  the  careful  referencing  of  the  points  of  curves 
and  tangents,  and  all  other  necessary  intermediate  points.  As 
many  permanent  sites  as  possible,  such  as  church  spires,  edge  of 
houses,  trees,  etc.,  should  be  selected  for  one  point  of  the  referenced 
line,  and  strong  hubs,  well  driven  into  the  ground,  for  the  other 
points.  The  reference  lines  should  cross  each  other,  as  nearly  as 
practicable,  at  right  angles ;  and  care  must  be  exercised  that  the 
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points  so  selected  shall  not  be  interfered  with  by  construction,  or 
of  having  a  deep  fill  lie  between  the  points,  so  as  to  cut  out  the 
line  of  sight  between  them  ;  and  to  avoid  many  other  sources  of 
inconvenience  resulting  from  carelessness  in  the  referencing.  A 
careful  sketch  of  the  position  of  the  points,  together  with  needle 
bearings,  etc.,  should  always  be  made. 

Now  comes  the  important  work  of  running  ''check"  levels 
over  the  entire  division,  and  the  establishing  of  benches.  Know- 
ing the  sites  where  bridges,  etc.,  are  to  be  constructed,  suitable 
benches  must  be  established  at  those  points.  At  other  convenient 
places  along  the  line,  benches  should  always  be  placed  as  near 
the  elevation  of  sub-grade  as  possible,  owing  to  the  convenience 
thus  afforded. 

A  field  book  should  now  be  prepared,  having  the  left  hand 
pages  each  divided  into  five  columns.  The  first  column  for  the 
stations,  the  second  for  the  deflections,  the  third  for  the  elevations,, 
the  fourth  for  the  sub-grades,  and  the  fifth  for  centre  cuttings  or 
fills,  and  the  opposite  pages  for  the  sketches  of  reference  points, 
remarks,  etc.,  each  in  their  proper  place,  thus  having  in  one  book 
all  necessary  information,  in  concise  form,  for  the  prosecution  of 
the  work.  Where  long  and  short  stations  unavoidably  do  exist, 
the  same  should  be  indicated  in  red  ink ;  together  with  the  dis- 
tance, longer  or  shorter,  or  any  other  notes  pertaining  thereto,  as. 
it  is  an  easy  matter  to  overlook  some  of  these  points  at  times  in 
running  "  grade "  levels,  retracing  centre  line,  and  in  cross- 
sectioning. 

Having  prepared  our  field  book,  we  start  in  on  the  cross-sec- 
tioning, or  staking  out  of  the  work  for  construction.  A  Locke 
level  will  be  found  most  expedient  for  this  work,  especially  in 
hilly  country. 

After  setting  grade,  cut  and  fill  stakes,  it  is  always  wise  to  take 
the  elevation  of  the  ground  for  some  distance  beyond  these 
points,  as  in  cases  where  slips  are  likely  to  occur,  or  where  the  line 
of  excavation  has  been  extended  beyond  the  slope  stakes. 

In  all  cuts  of  15  feet  or  above, distance  stakes  should  beset,  that 
is,  stakes  with  cut  and  distance  from  centre  line  marked  thereon,, 
should  be  placed  far  enough  removed  from  the  centre  line,  so  as  to- 
be  out  of  all  danger  of  being  disturbed  by  the  possibilities  men- 
tioned  above. 
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These  stakes  are  valuable  when  it  comes  to  the  final  cross- 
sectioning  or  measurement  of  actual  work  done,  as  it  obviates  the 
necessity  of  measuring  from  the  centre  line  up  some  steep  rock 
slope,  which  operation  is  often  dangerous,  not  to  say  almost  im- 
possible, in  some  instances,  when  the  cutting  gets  over  30  or  40 
feet  in  height ;  and  secondly,  for  the  self-evident  reason  of  the  great 
saving  of  time. 

In  this  connection,  I  may  say  that  I  devised  a  rod  which  I 
used  to  good  advantage  on  some  of  my  work  on  the  Penna 
Schuylkill  Valley  R.  R.,  at  those  places  where  the  distance  stakes 
had  been  accidentally  destroyed  by  heavy  blasting. 

Out  of  well-seasoned  pine  I  had  a  rod  constructed,  which  was 
16  feet  in  length,  1  inch  in  width  and  2J  inches  in  depth.  This 
rod  was  graduated  into  feet  and  tenths.  A  level  tube  was  inserted 
about  4  feet  from  one  end,  and  a  "bucket  handle"  also  attached 
between  the  bubble  and  shorter  end  of  the  rod,  in  order  to  give 
a  good  leverage  when  holding  the  rod  while  measuring. 

At  the  end  farthest  from  the  bubble,  a  roller  was  inserted,  the 
outer  circumference  of  which  was  "flush"  with  the  end  of  rod. 
A  piece  of  tin  was  then  put  on,  encasing  the  end  of  rod  and  the 
roller,  this  to  act  as  a  "guide"  for  the  tape  line. 

Standing  on  top  of  a  rock  slope  you  extend  the  rod,  carefully 
leveling  the  same  (having  previously  run  the  end  of  a  50-foot 
metallic  tape  line  between  the  casing  and  roller,  and  to  the 
line  attached  a  plumb-bob),  you  let  the  tape  unwind  slowly  until 
it  touches  the  "grade"  beneath,  then,  noting  what  it  reads  at  the 
end  of  the  rod  nearest  to  you,  deduct  the  length  of  the  rod  and 
you  have  the  perpendicular  height  or  cut.  Then,  finding  the  point 
where  the  plump-bob  struck  the  "grade,"  add  to  or  subtract  from 
the  length  of  the  rod,  if  the  point  is  to  in  or  out  of  centre  line, 
thus  getting  at  the  same  time  the  horizontal  distance  out,  in  ad- 
dition to  the  perpendicular  height. 

A  record  of  cross-sections  should  also  be  kept,  in  case  the  field 
book  should  become  lost  or  destroyed.  All  cross-sections  should 
be  plotted  in  a  regular  cross-section  book,  manufactured  for  that 
purpose.  The  area  of  each  section  should  be  calculated  and  set 
down  with  the  section.  These  areas,  in  many  cases,  will  serve  for 
the  monthly  estimate  and  can  therefore  be  put  on  the  "detailed  " 
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estimate  blanks  as  soon  as  calculated  and  the  cubic  yards  gotten, 
thus  facilitating  the  monthly  estimate. 

We  will  now  proceed  to  stake  out  a  bridge. 

If  over  a  river,  or  other  expanse  of  water,  making  it  impos- 
sible to  get  the  distance  from  one  abutment  to  the  other  by  the 
ordinary  means  of  measuring  with  steel  tape  line,  select  a  place 
along  the  shore,  convenient  for  a  base  line,  for  your  triangulation. 
The  point  I  wish  here  to  impress  is,  that  too  great  a  care  can- 
not be  exercised  in  regard  to  getting  the  true  length  of  the  base 
line.  The  various  angles  may  have  been  gotten  with  the  accuracy 
of  precision,  while  the  base  line  has  only  been  given  ordinary 
attention. 

This  line  should  be,  at  least,  as  long  as  the  distance  between 
abutments,  or  where  this  is  impracticable,  no  one  angle  of  the 
triangle  should  be  as  great,  or  greater  than  a  right  angle.  Having 
now  selected  your  site  for  a  base  line,  the  true  measurement  from 
^*hub"  to  "hub"  is,  of  course,  a  measurement  taken  on  a  level 
plane,  and  not  by  stretching  your  tape  from  two  pivot  points,  as 
there  is  surely  always  a  "sag"  in  the  middle  of  the  tape.  As  it 
is  never  your  good  fortune  to  get  a  natural  level  place  for  your 
base  line,  you  will  have  to  proceed  to  manufacture  one,  as  it  were. 
Drive  in  stakes,  carefully  leveling  each  with  the  other,  say  every 
25  feet  (more  or  less  if  necessary),  and  then  place  strips  of  boards 
on  these,  nailing  them  securely  in  place.  Now,  on  measuring 
along  these  strips,  you  get  a  measurement  as  nearly  correct  as  it 
is  possible  so  to  do. 

Where  a  steel  wire  is  used  to  get  measurements,  instead  of  by 
triangulation,  the  same  care  must  be  exercised,  so  that  the  wire 
will  show  the  exact  length  or  distance  desired.  Measure  your 
base  line  with  the  same  care  as  described,  then  suspend  your 
wire,  both  ends  of  which  are  in  the  same  level,  between  the  two 
extremities  of  the  measured  line.  Have  one  end  of  the  wire 
attached  to  a  reel  and  the  other  to  a  common  spring  scale.  Then 
gradually  pull  on  the  scale  until  the  wire  swings  clear  of  the 
ground  and  a  reasonable  amount  of  "sag"  has  been  taken  out. 
Note  the  number  of  pounds  pull  indicated  on  the  scale.  Then, 
by  means  of  plumb-bobs  suspended  over  both  points  of  the  base 
line,  define  the  points  on  the  wire  corresponding  with  the  points 
of  the  base  line. 
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After  determiniDg  these  points,  have  a  small  piece  of  lead  sold- 
ered on  to  mark  the  places.  A  small  cut  or  scratch  on  the  lead 
will  define  the  exact  point. 

.Everything  now  being  ready,  stake  out  the  abutments,  etc., 
and  reference  them  securely.  The  neat  line  at  foundation  of 
both  face  and  wing  (if  there  be  the  latter)  should  be  referenced, 
as  this  will  save  considerable  time  when  foundation  points,  neat 
points,  etc.,  are  desired.  All  reference  points  about  bridges 
should  be  protected  in  some  manner  at  least,  by  putting  a  sort 
of  a  triangular  trellis  around  each  hub,  thus  serving  as  a  signal 
to  workmen  to  stand  aloof.  At  the  same  time  judgment  should 
be  exercised  in  placing  the  points  only  in  such  places  where 
they  will  not  be  likely  to  interfere  with  the  work  of  the  con- 
tractor, as  the  latter  class  abominate  the  idea  of  "  treading  on 

eggs." 

Having  everything  staked  out,  work  begins  on  the  same  for 
the  purpose  of  getting  a  good  foundation. 

In  ordinary  work  a  good  coffer-dam  only  is  required  to  success- 
fully excavate  without  danger  or  loss.  But  how  often  even  good 
contractors  fail  when  it  comes  to  this  kind  of  work,  it  would  be 
hard  to  determine,  therefore  a  word  of  caution  is  not  amiss  : 

The  contractor,  generally  paying  the  expenses  of  coffer-darn- 
ing, has  his  own  way  as  regards  the  building  of  the  same,  and  as 
a  result,  no  attention  being  paid  to  the  weight  likely  to  be 
brought  to  bear  against  it  and  corresponding  strain,  it  breaks  in, 
and  more  time  and  money  are  lost  than  would  have  more  than 
paid  for  its  proper  construction  in  the  first  instance.  I  would 
suggest  that  where  water,  silt,  sand,  etc.,  are  likely  to  be  en- 
countered, no  stick  of  timber  with  a  face  less  than  10  inches  by 
12  inches  should  be  used  for  stringers  or  braces  in  a  single  dam, 
and  no  less  than  2-inch  oak  plank  for  sheeting. 

These  dimensions  will  be  found  to  be  factors  of  safety  in  nearly 
all  cases  having  the  same  conditions  as  those  spoken  of,  yet  they 
are  merely  given  as  a  guide  to  those  who  do  not  desire  to  enter 
into  the  intricacies  of  calculations  concerning  the  moment  of  re- 
sistance in  substances. 

Where  there  is  a  proximity  of  running  water,  it  is  scarcely 
safe  to  build  on  material  other  than  solid  rock,  or  very  compact 
and  uniform  gravel.     In  the  latter  case  it  is  well  to  go  deep 
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enough,  so  as  to  avoid  the  possibility  of  scouring  or  under- 
washing. 

Where  a  foundation  of  rock,  or  hard,  uniform  gravel  cannot  be 
obtained,  where  the  foundation  is  correspondingly  hard  and  soft, 
a  good  layer  of  concrete,  from  2J  feet  to  3  feet,  should  always 
be  put  in,  providing  that  there  is  no  trouble  in  keeping  the  cof- 
fer-dam dry,  as  in  the  latter  case  only  can  concrete  be  laid  as  it 
should  be ;  yet  I  would  never  advocate  the  use  of  timber  in  abut- 
ments, notwithstanding. 

Concrete  cannot  be  too  well  made,  neither  can  it  be  too  rich  in 
cement.  I  have  found  the  following  mixture  to  make  an  ex- 
ceedingly "  sure  "  concrete :  4J  parts  stone  (broken  so  as  to  pass 
through  a  3-inch  ring),  1 J  parts  sand  and  1  part  cement,  the  lat- 
ter being  of  the  ordinary  brands  found  in  the  market.  In  the 
mixing  of  concrete  the  greatest  care  should  be  exercised.  Mix, 
first,  the  cement  and  sand  together,  dry,  so  that  the  mixture  will 
have  a  uniform  color.  After  wetting  the  stone,  spread  the  mix- 
ture of  sand  and  cement  over  the  former  in  alternate  layers; 
then,  by  means  of  a  hose,  introduce  water,  and  mix  the  whole 
mass  thoroughly  by  means  of  shovels  and  pitch  forks,  always 
working  from  the  outside  to  centre  of  mass.  In  ramming  con- 
crete, do  not  cease  until  the  mortar  oozes  from  the  top  and  runs 
flush  over  the  whole  concrete. 

Where  the  foundation  masonry  is  laid  upon  the  natural  sur- 
face, it  should  be  laid  "  dry,"  and  the  stones  should  all  be 
headers.  All  interstices  should  be  filled  with  stone  well  broken 
in,  all  exposed  joints  "  pointed,"  and  then  the  whole  thoroughly 
grouted.  The  remaining  courses  should  be  laid  in  cement 
mortar  and  also  grouted. 

In  regard  to  the  masonry  of  piers,  particular  attention  should 
be  given  to  the  building  of  the  "  nose  "  or  ice-breaker.  Where 
any  danger  from  ice,  drift  wood,  etc.,  exists,  all  stones  in  "noses" 
of  piers  should  have  a  large  bearing  surface,  each  stone  "  but- 
ting "  well  against  the  other  and  leaving  no  interstices.  In  ad- 
dition, each  stone  should  be  well  clamped  to  the  other  by  iron 
clamps.  As  a  further  precaution  against  ice,  etc.,  all  masonry  in 
running  water  should  be  thoroughly  rip-rapped,  the  more,  the 
better. 

VOL  VI.— 16, 
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In  arch  culvert  masonry  and  retaining  walls,  after  a  good 
foundation,  the  liberal  use  of  grout  will  be  found  beneficial. 
Care  should  be  exercised  in  filling  in  behind  arches  and  retain- 
ing walls.  When  filling  behind  arches  the  material  should  be  of 
broken  stone,  carefully  placed,  and  evenly  brought  up  on  both 
sides,  so  as  not  to  exert  an  undue  pressure  from  one  direction. 
The  same  care  should  be  taken  in  filling  back  of  retaining  walls. 

All  fills  of  10  feet  in  depth,  or  greater,  should  be  made  from 
J  foot  to  1  foot  higher  than  sub-grade  at  the  centre  or  deepest 
part  of  the  filling,  and  then  gradually  run  to  grade  at  mouth  of 
cuts,  on  either  side.  A  good,  wide  bank  is  always  desired,  as  the 
heavy  rains  soon  play  havoc  with  them.  Fills  should  always 
be  made  in  horizontal  layers,  each  layer  having  the  full  required 
width,  for,  as  in  those  cases  where  the  fill  has  not  been  made  to 
the  full  width,  it  is  a  difficult  matter  to  widen  them  afterwards 
in  some  kinds  of  material,  as  the  last  layer  will  always  be  found 
to  "run." 

All  earth  cuts  should  have  a  "  berm  "  ditch  about  10  feet  back 
of  top  of  slope,  for  the  preservation  of  the  latter.  All  wet  eartli 
cuts  should  be  ditched  at  the  foot  of  slope  also. 

It  is  also  better  to  break  all  slopes,  excepting  rock,  bj''  making 
them  2 :  1  on  top,  for  a  depth  of  2  to  10  feet,  thus  relieving  the 
top  weight  and  aiding  materially  in  the  protection  of  the  same. 

During  construction,  a  "  progress  "  profile  has  now  been  con- 
sidered almost  a  necessity. 

In  reference  to  track-laying,  one  or  two  points  to  be  guarded 
against  are  the  kinking  of  rails ;  the  use  of  coal  dirt,  or  other  un- 
suitable material  as  ballast,  which  is  likely  to  cause  trouble 
during  the  winter  by  freezing. 

In  elevating  the  outer  rail  on  curves,  use  1  inch  of  elevation  to 
every  degree  of  curvature  up  to  and  including  5  degrees,  then  } 
inch  to  every  additional  degree  up  to  12  degrees.  Gradually 
elevate  the  rail  at  the  rate  of  2"  per  hundred  feet  when  ap- 
proaching point  of  curves,  until  the  full  elevation  is  reached  at 
that  point.  From  point  of  tangents,  diminish  elevation  in  same 
ratio. 

In  conclusion  I  would  suggest,  that  to  be  successful  as  an  As- 
sistant Engineer  is  to  be  systematic  in  management,  far  seeing, 
and  familiar  with  even  the  smallest  details  of  the  work. 
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THE  GILEPPE  DAM. 

By  A.  MarichaIi,  Active  Member  of  the  Club. 
Bead  October  Ibtk,  1887 

In  the  eastern  part  of  Belgium,  within  nine  miles  of  the  Ger- 
man boundary,  is  a  town  named  Verviers,  having  for  main  in- 
dustry the  manufacturing  of  woolen  goods.  All  the  water 
needed  by  its  active  population  was  drawn  directly  from  a  creek 
running  through  the  city.  Unfortunately  this  creek  had  a  very 
irregular  current,  and  many  times  all  the  factories  had  to  stop 
working  on  account  of  want  of  water. 

The  idea  of  building  a  storing  reservoir  came  to  the  mind  of 
everyone.  The  City  Government,  together  with  the  State  Govern- 
ment, made  appropriations  to  the  amount  of  $1,200,000,  and  work 
was  begun  in  1867.  A  masonry  dam  was  thrown  across  the  val- 
ley in  the  upper  part  of  the  creek ;  an  aqueduct  5 J  miles  long 
and  50  square  feet  in  sectional  area  was  constructed  with  a  view 
of  discharging  46,000,000  gallons  per  twenty-four  hours. 

In  1879  the  work  was  completed  and,  to  the  great  satisfaction 
of  the  inhabitants,  a  constant  supply  of  water  was  furnished  to 
them  at  the  trifling  cost  of  f  cent  per  1,000  gallons.  The  water, 
being  distributed  under  pressure  of  100  to  120  pounds,  is  used  by 
many  as  a  motive  power  for  running  their  machinery.  It  is 
almost  entirely  free  of  lime,  and  by  this  fact  can  be  used  in  the 
different  preparations  of  wool. 

A  few  figures  relating  to  this  great  work  will  be  of  interest,  I 
suppose.  The  storing  reservoir  covers  an  area  of  200  acres ;  its 
capacity  is  equal  to  8,178,000,000  gallons.  The  dam  is  curved  in 
plan,  with  its  convex  side  towards  the  up  stream.  The  radius  of 
the  curve  is  1,532  feet.  This  dam  is  49.2'  wide  at  the  top  and 
216'  at  the  bottom. 

Its  total  height  is  156.6' ;  there  are  325.086  cubic  yards  of 
masonry,  representing  a  weight  of  531,481  tons.  It  is  rubble 
masonry,  laid  in  good  hydraulic  mortar,  and  weighing  1.75  tons 
per  cubic  yard. 

On  top  of  the  dam,  and  in  its  centre,  an  immense  statue,  rep- 
resenting a  lion,  has  been  placed.  This  lion  is  made  out  of  188 
pieces  of  sandstone;  its  height  is  44.28';  with  pedestal,  70.52'. 
The  head  is  227.12'  above  the  bed  of  the  creek.    The  body  is 
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16.4'  wide  and  52.5'  long.  One  of  the  claws  measures  5.81  feet 
in  length.  The  diameter  of  the  tail  is  3.28',  and  the  length  of 
the  nose  8.20''. 

The  dam,  although  very  thick,  is  leaking;  about  23,000  gal- 
lons of  water  are  filtering  daily  through  this  immense  wall.  It  is 
believed  that  this  filtration  will  cease,  that  the  pores  of  the 
material  will  be  filled  by  the  different  substances  in  suspension 
in  the  water.  In  fact,  this  filtration  is  diminishing  in  intensity, 
but  very  slowly. 

Plate  No.  1,  annexed  to  this  paper,  shows  on  the  left  side  the 
profile  of  the  Gileppe  Dam  as  it  is  constructed,  and  on  the  right 
side  the  profile  for  a  similar  dam  when  constructed  according  to 
diagram  and  formulae,  also  annexed  (Plate  6).  It  will  be  seen 
that  a  saving  of  50  per  cent,  masonry  could  have  been  made  by 
using  the  profile  of  the  diagram;  that,  without  making  either  the 
leverage  stability,  or  the  frictional  stability  in  any  way  too  small, 
the  granular  stability  would  have  been  increased  considerably. 
The  defect  in  the  Gileppe  Dam  is  that  the  centre  of  gravity  of 
the  section  falls  too  near  the  upper  stream  toe.  If  some  day  they 
want  to  make  the  wall  higher  by  20'  or  30',  as  it  has  been  con- 
templated, the  centre  of  gravity  would  be  shifted  still  more  towards 
the  very  same  toe,  and  the  dam  would  become  entirely  unsafe, 
having  to  sustain  a  maximum  computed  pressure  of  12  tons,  or 
more,  per  square  foot,  when  6  to  8  tons,  according  to  the  quality 
of  masonry,  is  all  that  should  be  allowed  in  work  of  that  kind. 

Plates  2,  3, 4  and  5  show  similar  comparisons  with  other  dams. 
It  will  be  seen  at  a  glance  that  the  profiles  given  by  the  diagram 
are  not  superseded  even  by  profiles  designed  by  the  most  prom- 
inent engineers. 

I  have  heard  of  some  objection  against  curved  profiles ;  that 
the  trouble  to  build  them  would  not  compensate  the  saving  of 
masonry.  I  would  answer  that,  from  practical  experience,  I  may 
state  that  it  does  not  take  more  time  for  a  mason  to  build  a  wall 
of  curved  section,  provided  that  the  engineer  in  charge  has  laid 
out  the  work  decently.  I  do  not  think  that  an  engineer,  taking 
charge  of  a  work,  should  throw  away  thousands  of  dollars  belong- 
ing to  his  employer,  for  the  sake  of  avoiding  a  little  trouble. 

Note. — Tlie  figures  given  on  the  annexed  plates  should  not  be  taken  as  absolute 
but  purely  as  relative,  viz. :  for  comparison.  They  wiU  hold  good  for  masonry, 
weighing  from  1.7  to  1.9  tons  per  cubic  yard. 
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THE  PLAN  FORMATION  OF  THE  QUAKER  BRIDGE  DAM. 

By  A.  Marichal,  Active  Member  of  the  Club. 
Read  January  14M,  1888. 

I  THINK  it  is  unnecessary  to  call  the  attention  of  the  members 
of  this  Club  to  the  importance  of  the  subject.  The  proposed 
Quaker  Bridge  Dam  is  well  known  to  you;  its  feasibility,  its 
necessity  is  beyond  any  doubt. 

This  dam  will  be  the  greatest  work  of  the  kind  in  the  world. 
It  will  be  another  triumph  of  engineering  to  be  added  to  the 
credit  of  the  American  genius.  The  plans  are  made;  the  work 
may  begin  at  any  time. 

But  a  question  is  raised :  Shall  this  dam  be  constructed  on  a 
curve  or  on  a  straight  line  ? 

In  a  report  to  the  Aqueduct  Commission  the  engineers  in 
charge  do  not  hesitate  to  say  that  the  straight  dam  so  far  exceeds 
in  strength,  economy  and  safety  the  curved  one,  that  they  re- 
commend the  adoption  of  the  former. 

This  report  will  be  the  topic  of  my  discussion,  and  I  would  like 
it  to  be  understood  that  I  do  not  intend  to  criticise  the  work  of 
the  experienced  engineers  in  charge  of  this  great  undertaking. 
What  I  want  is  to  show  some  mistake  in  their  theory  and  in 
their  practical  deductions,  leaving  to  you  to  judge  whether  I  am 
right  or  wrong. 

Before  entering  the  discussion  I  wish  to  say  that,  on  the 
3d  inst.,  I  wrote  to  the  author  of  the  report  and  informed  him 
of  my  intention  to  refute  his  theory  at  this  meeting,  with  invita- 
tion to  be  present. 

The  report  says :  "  No  masonry  bridge  arch  of  over  300  feet 
span  has  been  constructed.  Beyond  that  length  of  span  the 
crushing  strain  sustained  by  the  voussoirs  exceeds  safe  limits  or 
their  mortar  joints  from  the  weight  of  the  masonry  alone,  without 
the  added  load  the  bridge  should  carry.  It  would  therefore  be 
out  of  question  to  construct  a  masonry  bridge  of  the  length  of 
Quaker  Bridge  Dam  (1,350  feet  long),  as  it  would  be  over  four 
times  the  limit  of  safety  in  a  possible  span.    The  arch  of  a 
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curved  dam,  however,  does  not  carry  any  part  of  its  own  weight 
(as  in  the  case  of  a  bridge) ;  therefore  its  strength  of  arch  will 
bear  only  the  water  pressure  against  it  from  a  full  reservoir." 

I  will  answer  that  the  stability  of  a  bridge  arch  can  not  be 
compared  with  the  stability  of  an  arch  acting  horizontally ;  that 
not  only  the  latter  has  not  to  carry  any  part  of  its  own  weight,  but 
that  this  weight  forms  an  additional  stability;  consequently,  that 
its  strength  of  arch  will  not  bear  the  total  water  pressure  against  it, 
but  only  the  difference  between  said  pressure  and  the  resistance 
produced  by  the  weight  of  masonry. 

Going  again  to  the  report,  the  Engineer  says : 

"  I  have  worked  out  a  formula  and  used  it  for  the  calculations 
on  curved  dams  :  Supposing  R  =  the  radius  of  the  curve;  W=^ 
the  weight  of  water  pressure  on  a  belt  of  the  dam,  one  foot  in 
breadth  and  the  length  of  the  chord ;  C^  the  length  of  the  chord ; 
P  =  the  total  pressure  on  a  voussoir  joint,  which,  divided  by  the 
area  of  the  joint,  gives  the  average  pressure  per  square  foot;  then 

P  =  -  ^  - ."     By  that  formula  the  engineer   calculates   that  a 

strain  of  46.8  tons  per  square  foot  would  be  sustained  by  the 
voussoir  joints  (for  R  =  900),  and  calls  attention  to  the  fact  that 
said  pressure  will  increase  as  the  radius  increases. 

I  think  that  his  formula  has  but  one  defect;  it  is  too  mathe- 
matically correct.  If  I  would  like  to  be  as  mathematically 
correct,  I  would  have  to  use  the  very  same  formula  to  prove  that 
it  is  a  mistake  to  build  a  dam  on  a  straight  line.  In  fact,  accord- 
ing to  the  formula  and  the  engineer's  own  statement,  the  pressure 
increases  as  the  radius  increases ;  if  we  suppose  the  radius  in- 
finite, as  in  the  case  of  a  straight  line,  the  pressure  becomes  in- 
finite, and  the  dam  will  be  pulverized. 

This  would  be  an  absurdity ;  it  shows  to  you  the  fallacy  of  a 
purely  theoretical  conception.  The  formula,  nevertheless,  is  cor- 
rect, but  wants  a  practical  interpretation.  Then  (P)  is  not  the 
pressure  on  the  voussoir  joint,  but  the  force  that  should  be 
applied  on  it  to  make  equilibrium  to  the  water  pressure ;  and  in 
the  case  of  a  straight  dam,  the  force  is  not  applied,  it  can  not 
be  applied.  If  the  wall  itself  does  not  resist,  the  dam  must  fail. 
The  formula  referred  to  would  be  true  for  an  ideal  dam,  without 
any  thickness,  offering  no  resistance  whatever ;  the  reaction  of  the 
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hill  sides  would  have  to  offer  the  total  resistance.  But  as  soon 
as  you  jump  from  pure  theory  into  practice,  you  are  compelled 
to  give  some  thickness  to  the  structure,  and  no  matter  how  thin 
it  is,  it  will  offer  some  resistance  to  the  horizontal  thrust  of  the 
water,  and  only  the  excess  will  be  equilibrated  by  the  reaction  of  the 
abutments.  It  is  consequently  evident  that,  as  long  as  this  reaction 
does  not  reach  a  certain  limit  of  safety,  the  curved  shape  adds  to 
the  stability. 

In  fact  the  report  acknowledges  this  additional  stability,  since 
I  find  in  it  the  following  statement  relating  to  the  Zola  Dam : 
**  The  thickness  of  masonrv  is  so  small  that  the  resultant  falls 
outside  the  front  toe,  and  that  (unless  the  excellence  of  its  mortar 
and  generally  of  its  masonry  be  exceptionally  great)  its  stability 
is  due  to  the  fact  that  it  is  built  in  the  form  of  an  arch,  the 
water  pressure  being  transmitted  to  the  abutments.  Moreover, 
the  form  of  its  section  shows  that  the  intention  of  its  designer 
was  that  it  should  act  so." 

I  will  say  that  the  water  pressure  is  not  transmitted  to  the  abut- 
Tnents,  "but  only  the  excess  of  pressure  not  carried  by  the  wall  itself 
Nevertheless  the  additional  stability  of  the  curved  shape,  which 
the  designer  says  he  fails  to  see,  is  proved  by  his  own  description 
of  the  Zola  Dam.  Moreover  he  says,  in  speaking  of  straight  and 
curved  dams,  that  both  plans  have  been  followed  with  successful 
residtSy  and  out  of  23  dams  described  in  his  report  15  are  curved 
and  one  is  762  feet  long,  with  a  radius  of  over  1,600  feet. 

But  the  engineer  says  that  only  one  of  these  curved  dams  is 
acting  as  an  arch — it  is  the  Zola  Dam.  That  the  other  ones  are 
gravity  structures  and  cannot  act  as  arch;  that  their  curved  form 
must  weaken  their  stability.  I  wish  to  know  who  could  explain 
the  logic  of  his  argument ;  if  the  dam  does  not  act  as  an  arch, 
how  can  it  be  imagined  that  the  curved  form  will  weaken  its 
stability  !  If  these  curved  dams  could  tell  you  how  many  times 
the  reaction  of  the  abutments  did  relieve  them  from  undue 
strain  oppressing  their  stability,  then  you  would  apologize. 

You  state  the  fact  that  curved  dams  have  always  been  made 
strong  enough  to  resist  the  water  pressure  by  their  own  weight. 
I  will  say  that  it  was  very  wise  to  do  so ;  it  prevents  that  the 
failure  of  a  part  would  cause  the  failure  of  the  whole. 

In  the  case  of  the  Quaker  Bridge  Dam,  let  us  see  what  would 
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be  the  additional  stability.  We  have  to  find  how  much  the 
pressure  on  the  curved  dam  could  be  increased  without  trespass- 
ing the  limits  adopted  by  the  engineer  in  designing  the  profile 
of  his  wall.    They  are  as  follows : 

Limit  for  crushing  strain :  16.63  tons  (2,000  lbs.) ;  minimum 
factor  of  safety  against  overturning :  2.07 ;  minimum  resistance 
to  sliding :  0.597. 

The  pressure  of  the  water  is  the  same  on  any  part  of  the  arch 
at  a  fixed  depth,  and  is  normal  to  the  extrados.  Consequently 
there  is  no  reason  why  we  should  not  admit  that  the  pressure  will 
be  uniformly  distributed  on  the  voussoir  joint,  since  in  this  case, 
like  in  the  designing  of  the  section,  the  factors  of  safety  are  there 
to  meet  the  tolerable  irregularities  in  the  workmanship. 

We  have  to  find  what  pressure  of  water  would  allow  16.63  tons 
per  square  foot  to  be  transmitted  to  the  abutments.  The  resistance 
offered  by  the  wall  is,  first,  the  friction ;  and  considering  the  wall 
to  be  made  of  dry  rubble,  the  coefficient  of  friction  would  be  .7, 
and  we  have 

p  _  2(g—  .7  WQiZ 
^~  DB 

in  which  P  =  maximum  pressure  per  square  foot  on  a  joint ;  H= 
horizontal  thrust  at  water  of  a  given  depth;  17=  weight  of 
masonry  above  joint ;  R  =  radius  of  curve ;  D  =  depth  of  water; 
B  =  depth  of  voussoir  joint. 

We  find  that  the  pressure  of  the  water  should  be  increased  by 
56  per  cent,  to  allow  16.63  tons  per  square  foot  to  be  carried  to 
the  abutments.  If  no  sliding  takes  place,  an  elastic  movement 
may  happen,  the  wall  may  bend.  There  again  the  weight  of 
masonry  will  be  a  resistance,  and  the  pressure  that  will  possibly 
be  equilibrated  by  the  reaction  of  the  abutments  will  be  given 
by  the  formula : 

p=  \^-^l\r 

I    DB     ) 

in  which  31=  momentum  of  resistance  produced  by  the  weight  of 
the  wall ;  L  =  distance  of  centre  of  pressure  above  joint ;  B  = 
depth  of  voussoir  joint  at  the  top.  The  elasticity  of  the  masonry 
cannot  be  ascertained  with  any  degree  of  accuracy,  but  I  agree 
with  the  author  of  the  report — it  is  insignificant ;  and  neglect- 
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ing  it,  we  find  that  the  water  pressure  should  be  increased  by 
over  200  per  cent,  to  allow  16.63  tons  to  be  transmitted  to  the 
abutments.  This  figure  can  only  be  taken  as  a  limit,  since 
the  profile  is  somewhat  elastic,  and  what  we  may  say  with  cer- 
tainty is,  that  the  additional  safety  resulting  from  the  curved 
shape  is  between  56  per  cent,  and  200  per  cent.  Calling  it  100 
per  cent.,  we  are  sure  to  make  no  exaggeration,  since  the  cohe- 
sive power  of  the  cement,  which  has  been  neglected  entirely,  exists 
nevertheless.  And  it  is  really  an  additional  safety;  because,  ad- 
mitting that  16.63  tons  to  the  square  foot  is  transmitted  to  the 
abutment,  we  find  by  calculation  that  the  granular,  the  frictional 
and  the  leverage  stability  are  still  above  the  fixed  limits  of 
safety.  What  will  be  the  cost  of  these  100  per  cent,  of  additional 
stability  ?  Only  13  per  cent,  of  the  cost  of  the  dam.*  When  we 
come  to  think  about  the  terrible  consequences  which  would  follow 
the  failure  of  this  immense  construction,  we  are  led  to  recom- 
mend the  introduction  of  this  cheap  coefficient  of  safety. 

It  is  needed ;  I  will  prove  it  hereafter.  The  designer  says  that 
the  maximum  crushing  strain  in  the  wall  will  be  16.63  tons  per 
square  foot,  and  acknowledges  the  fact  that  this  figure  is  much 
above  the  limit  adopted  by  French  engineers  in  constructions  of 
the  kind.  He  says,  further,  that  the  formula  deducted  from 
Sazilly's  trapezoid  of  pressure,  which  is  generally  adopted  and 
which  he  has  used,  "  indicates  pressures  larger  than  they  are  in 
reality ;  that  the  profiles  based  on  that  method  show  an  excess  of 
strength  which  gives  a  further  guarantee  of  safety."  I  have  to 
say  it  is  a  mistake ;  the  formula 

according  as  U  is  greater  or  less  than  -g- 

is  based  on  the  hypothesis  that  masonry  is  absolutely  rigid,  but 
it  is  not,  and,  according  to  Mr.  J.  B.  Francis'  views  on  the  subject, 
which  views  are  in  accordance  with  mine :  "  Although  the  work 

*  With  a  radius  of  900  feet  the  amount  of  masonry  would  be  increased  by  3  per 
cent.;  but  ordinary  rubble  masonry  being  not  fitted  to  sustain  lateral  strains,  10  per 
cent,  should  be  added  for  extra  care  in  the  workmanship;  thence  13  per  cent,  extra 
cost. 
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may  be  done  in  the  best  manner  possible,  it  will  yield  a  little  to 
the  pressure,  and  the  amount  of  compression  in  different  parts 
will  be  unequal  and  nearly  proportional  to  the  pressure  and 
depth  of  the  mass  of  masonry  at  its  different  parts."  According 
to  this  theory,  the  maximum  pressure  in  the  Quaker  Bridge  Dam 
would  be  21  tons  per  square  foot,  and  it  is  evident  that  the  true 
theoretical  pressure  must  be  between  the  limits  of  16.63  and  21. 
Consequently  the  formula  does  not  indicate  in  this  case  larger 
pressures  than  really  exist,  but  smaller  ones ;  and  this  is  the  theoret- 
ical pressure  which,  in  either  case,  supposes  that  there  is  a  uni- 
form bearing  surface,  homogeneous,  giving  the  full  benefit  of  its 
entire  area.  I  will  say  that  in  assuming  that  you  would  polish 
the  bearing  surface  of  all  your  stones,  you  would  not  yet  succeed 
in  making  the  area  effective  in  all  its  parts. 

The  limit  assumed  by  the  designer  is  evidently  too  high ;  his 
profile  is  weak,  he  shows  it  himself.  Comparing  it  with  dams  in 
existence,  it  is  found  tq  be  the  weakest  one ;  comparing  it  with 
profiles  of  dams  conceived  by  reliable  authorities,  it  is  found  to 
be  one  of  the  thinnest  sections  ever  proposed.  His  mathematical 
calculations  may  be  correct,  they  will  not  be  proved  by  practice. 
Of  course  the  wall  may  resist,  but  in  this  case  it  is  too  much  of 
a  risk  to  run. 

I  conclude  that  the  dam  wants  an  additional  factor  of  safetv, 
and  the  cheapest  one  is  certainly  realized  by  the  introduction  of 
a  curved  plan. 

With  13  per  cent,  extra  cost  you  give  100  per  cent,  more  stabil- 
ity to  the  structure. 

Think  about  the  Puentes  Dam,  which  gave  way  in  1802,  kill- 
ing 600  persons,  destroying  over  800  dwellings,  and  you  will 
have  an  idea  of  the  danger  you  will  face  if  you  fail  to  take 
benefit  of  any  additional  safety  offered  to  you  at  so  low  a  rate. 

From  an  engineering  point  of  view  the  adoption  of  the 
straight  dam  would  be  very  regrettable ;  it  would  be  the  sanction 
of  a  false  theory. 

There  was  some  discussion  by  Mr.  J.  E.  Codman,  who  de- 
fended the  plan  of  the  dam,  quoting  abstracts  from  the  report  of 
Chief  Engineer  Church,  from  Engineering  News  of  January  14, 

1888,  p.  20. 
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ANNUAL  REPORT  OF  THE  SECRETARY  AND  TREASURER, 

Fob  the  Fiscal  Year  1887. 
Presenied  January  UM,  1888. 

To  the  Officers  and  Members  of  the  Engineers^  Club  of  Philadelphia  : 
Gentlemen: — I  have  the  honor  to  present  the  following  state- 
ment of  the  receipts  and  expenditures  for  the  fiscal  year  from 
January  8th,  1887,  to  January  13th,  1888,  both  inclusive. 
Howard  Murphy,  Secretary  and  Treasurer ^  in  account  with 

The  Engineers*  Clvb  of  Philadelphia. 

Dr. 

Balance  on  hand,  Jan.  8th,  1887, 
Initiation  Fees,  Active, 
Dues,  1883,  Non-resident, 

"    1884,  Resident, 

"        "      Non-resident, 

'*     1885,  Resident, 

"        "     Non-resident, 

"     1886,  Resident, 

^^        "     Non-resident, 

''    1887,  Resident, 

^*        "     Non-resident, 

'*        "     Associate, 

''     1888,  Resident, 

"        "      Non-resident, 

"        "     Associate, 

"     1889,  Resident, 


Sa 


es  of  Proceedings,  Authors, 

Members, 
Non-members, 


« 


u 


u 


it 


it 


it 


Advertisements,  1883, 

1884, 
1885, 
1886, 

1887, 

Subscriptions  to  Volume  VI, 

Postage  on  Proceedings,     . 

Balance  from  old  Reception  account,  from 

Billin, 

Subscriptions  to  Decennial  Reception, 


C.E 


• 

$365  19 

• 

155  00 

$5  00 

7  50 

4  74 

22  50 

18  62 

42  50 

62  50 

1450  50 

689  75 

15  00 

691  50 

265  50 

15  00 

5  50 

3196  11 

1  14 
7  25 
9  00 


17  39 


4  00 

32  00 

84  00 

396  00 

12  00 

528  00 

• 
• 

63  03 
358  00 

15  00 
12 

421  03 

$4697  84 
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iepari  of  ins  See.  c 

ind  Treas, 

[F 

*roc 

Eng.  Clab, 

Cr. 

Rent $1000  00 

vTclS|         ■               •              •               • 

• 

47  45 

Coal-oil  for  Janitor, 

• 

4  80 

Coal,  Small  Stove, 

$80  25 

"     Egg     .        . 

46  25 

"     Chestnut     . 

11  00 

137  50 
240  00 

Janitor, 

xce,       •         •         •         1 

18  25 

House  Expenses, 

20  90 

Repairs, 

1               .               . 

10  44 

1479  34 

Salary,  Secretary  and  Treasurer, 

• 

1000  00 

Proceedings,  Vol.  V,  No.  4, 

6  38 

"    VI,    "1, 

171  15 

-6, 

192  08 

'•               "      "     "   3,  on  account,     . 

6  75 

U                         tt          It        tt      A      it               tt 

45  67 

422  03 

Reference  Book, 

12  99 

List  of  Members, 

80  00 

Notices  and  Records  of  Meetings,  and  Elections^ 

106  17 

Miscellaneous  Printing  and  Stationery, 

66  99 

Postage, 

187  86 

"        due,       .... 

•               • 

30 

Messenger  and  Express  service. 

.               . 

1  40 

Key  deposits  returned. 

Book  bmding,     .... 

75 
5  25 

Insurance  on  furniture,  etc.. 

.                . 

22  50 

Furnishing,         .... 
Decennial  Keception,  on  account. 

.               . 

■ 

85  22 

*               • 

540  04 

Contribution  to  Executive  Board  of  Council  o 

f  En- 

gineering  Societies  on  National  Public  ^ 

^orks, 

100  00 

Sundries, 

•                • 

52 

Balance,  cash  on  hand,  January  13th,  1888, 

•               . 

586  48 

$4697  84 

The  following  are  the  closely  approximate  assets  of  the  Club, 
in  addition  to  its  library  and  furniture: 

Cash  Balance  Jan.  13th,  1888, 

Due  from  Members  to  end  of  fiscal  year  1887 ;  initia- 
tion fees  and  dues,  

Due  for  advertisements, 

"      Proceedings,  etc.,  


$586  48 

828  26 

339  00 

18  80 


$1772  54 
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The  $45.67  expended  on  account  of  Vol.  VI,  No.  4,  belonging 
to  1888,  will  probably  balance  the  excess  of  cost  of  VI,  3,  now  in 
press,  over  the  advertisements. 

My  report,  that  it  may  correspond  with  the  Cash  Book,  shows 
that  the  expenditures  on  account  of  Decennial  Reception  amount 
to  $540.04,  while  it  shows  the  receipts  on  that  account  to  amount 
to  but  $421.03.  This  apparent  deficit  of  $119.01  in  that  account 
will  be  covered  partly  by  subscriptions  not  yet  paid  in  and  the 
balance  will  be  provided  without  drawing  upon  the  treasury  of 
the  Club.  It  (the  $119.01)  should,  therefore,  be  added  to  above 
assets,  making  an  aggregate  of  $1791.55.  The  current  quarter's 
gas  bill,  to  date,  would  amount  to  about  $9,  and  so  our  net  assets 
are  $1782.55.  Subtracting  from  this  the  advance  dues  received 
to  date,  $977.50,  we  have  a  net  balance  of  $805,  A  similar 
balance  last  year  was  given  at  $830,  which  makes  it  look  as  if  we 
had  become  $25  poorer,  but  the  fact  is  that  we  anticipated  our 
balance  and  voluntarily  contributed  $100  thereof  to  the  Executive 
Board  of  the  Council  of  Engineering  Societies  on  National  Public 
Works.  Had  we  not  done  so,  we  would  have  been  able  to  show 
$75  increase — instead  of  the  above  trifling  decrease — ^in  our 
financial  worth. 


MEETINGS. 

Regular,        .... 
Business,       .... 

12 

5 

Total,  . 

• 

17 

ATTENDANCE. 

1887. 

Members,  total,                449 

"         average,  .          26+ 
Visitors,  total,          .          23 

1886. 

479 
27— 
20 

There  was  one  more  meeting  in  1886,  no  meeting  having  been 
held  on  December  17th,  1887,  which  was  the  Decennial  Anniver- 
sary of  the  Organization  of  the  Club,  and  was  celebrated  by  the 
holding  of  a  Reception  in  the  Club  House.  This  reception  was 
attended,  the  hat  and  coat  checks  indicate,  by  342  members  and 
guests,  and  the  expense  thereof,  $572.17,  has  been  provided  for 
without  drawing  upon  the  treasury  of  the  Club. 
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Continuing  the  Membership  table  from  my  last  Report  (Vol. 
VI,  No.  2,  p.  135),  we  have 

HON.   (X)R.   ACT.   ASSOC. 

Membership  at  end  of  fiscal  year  1886,  .        3       5      451  9 

Additions, 


30 


Deceased, 

Resignations,  etc.,  . 
Present  Membership 


5 


481 
1 

480 
18 


0      462 


11 


The  net  increase  in  Active  Membership  has  been  about  2^  per 
cent. 

The  residence  of  our  Active  Membership  is  now  as  follows : 

2 
2 
2 
2 
2 
2 


Philadelphia, 

.      221 

Minnesota 

Pennsylvania,  outside  oi 

r 

Michigan, 

Philadelphia, 

96 

Iowa,     . 

New  York,     . 

34 

Kentucky, 

New  Jersey,  . 

19 

Tennessee,     . 

Virginia 

16 

Kansas, 

Colorado, 

8 

Maine,  . 

Missouri, 

6 

Rhode  Island, 

Illinois, 

6 

Indiana, 

Massachusetts, 

6 

Idaho,   . 

Ohio, 

6 

.  Arizona 

District  of  Columbia, 

5 

U.  S.  Colombia, 

Delaware, 

4 

Austria, 

Connecticut, 

3 

Japan,   . 

West  Virginia, 

3 

India,    . 

X.  exas,    <         •         • 

3 

New  Zealand, 

Maryland, 

2 

North  Carolina 

2 

Alabama 

2 

462 


The  Active  Members  residing  within  the  County  of  Phila- 
delphia are,  therefore,  in  the  minority  by  20. 

We  have  lost  but  two  members  by  death  during  the  year — the 
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venerable  Thomas  U.  Walter,  Honorary  Member,  and   Frank 
Mad  dock,  Active  Member,  who  had  just  entered  his  early  prime. 

Nothing  that  might  be  said  of  them  could  add  to  the  respect 
and  regard  that  all  who  knew  them  have  for  their  memory. 

The  following  Papers,  etc.,  have  been  presented  during  the 
year  : 

The  Centrifugal  Pumps  at  Mare  Island  Navy  Yard,  California, 
by  Mr.  Henry  R.  Cornelius. 

Hydraulic  Dredging  Machinery,  by  Mr.  Conway  B.  Hunt. 

Controlling  Expansion  in  Locomotives,  by  Mr.  W.  E.  Hall. 

The  Anderson  Process  of  Water  Purification  on  a  Large  Scale, 
by  Mr.  E.  S.  Hutchinson. 

The  Proposed  Improvement  of  the  Harbor  of  New  York,  by 
Prof.  L.  M.  Haupt. 

The  Tensile  Strength  of  Canvas,  by  Prof.  L.  M.  Haupt. 

The  DiflFerential  Gauge  as  Used  at  Blast  Furnaces,  by  Mr. 
Morris  P.  Janney. 

The  Effect  of  Saccharine  Matter  on  Mortars,  by  Mr.  Morris  P. 
Janney. 

The  Increased  Weight  of  Locomotive  Engines  as  AflFecting  the 
Strains  on  Railway  Bridges,  by  Prof.  L.  M.  Haupt. 

The  Mechanical  Genius  and  Works  of  the  late  Sir  Joseph 
Whitworth,  by  M.  John  Fernie  (Guest). 

A  Fixed  Nozzle  Automatic  Injector,  by  Mr.  Strickland  L.  Kneass. 

The  Manufacture  of  Cement  in  the  United  States  and  the 
Growing  Demand  for  High  Class  Mortars,  by  Mr.  R.  W.  Lesley. 

3  ins.  vs.  4  ins.  Thick  Steel  Tyres,  by  Mr.  Theo.  J.  Lewis. 

The  Large  Engines  to  Drive  the  Centrifugal  Pumps  for  Re- 
claiming the  Potomac  Flats,  Washington,  D.  C,  by  Mr.  A.  P. 
Broom  ell. 

An  Ice  Machine,  by  Mr.  A.  P.  Broomell. 

Phosphor-Bronze  Wire  for  Helical  Springs,  by  Mr.  Wilfred 
Lewis. 

Screw  Threads,  by  Mr.  John  L.  Gill,  Jr. 

A  Rail  Chair,  by  Mr.  H.  H.  Sintzenich  (Guest). 
The  Clapp-Griffiths  Steel  for  Structural  Work,  by  Mr.  F.  H. 
Lewis,  with  Discussion  by  Mr.  Percival  Roberts,  Jr. 

Maps  for  Railroad  Surveys,  by  Mr.  Emile  Low. 
voii.  VI.— 17. 
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Notes  on  Railroad  Construction,  by  Mr.  Theo.  Low. 

The  Prevention  of  the  Spreading  of  Fires,  by  Mr.  F.  W. 
Whiting. 

A  Stamp  Splice,  Tongue  and  Groove  Rail  Joint,  by  Mr.  Francis 
Lightfoot  (Guest). 

Petroleum,  by  Mr.  Max  Livingston. 

Notes  on  the  Preparation  of  Anthracite  CJoal,  by  Mr.  Edwin 
Ludlow. 

A  Perpetual  Motion  Machine,  by  Mr.  J.  E.  Codman. 

Some  Remarkable  Breaks  in  a  Reservoir,  by  Mr.  Lewis  N. 
Lukens. 

River  and  Harbor  Maps,  by  Capt.  S.  C.  McCorkle,  with  Dis- 
cussion. 

The  Retardation  of  the  Tide  in  the  Vicinity  of  Philadelphia, 
etc.,  by  Capt.  S.  C.  McCorkle. 

A  Multiplication  Table,  by  Mr.  W.  L.  Hoyt. 

Should  the  Custom  of  Upsetting  the  Ends  of  Bridge  Bolts  be 
Abandoned,  by  Mr.  John  L.  Gill,  Jr. 

The  Construction  of  Reservoir  Walls,  by  Mr.  Arthur  Marichal, 
with  Discussion  by  Messrs.  J.  E.  Codman,  Frederic  Graff  and 
Howard  Murphy. 

A  Diagram  for  the  Regulation  of  Dimensions,  etc.,  of  Cast  Iron 
Flange  Pipes,  by  Mr.  J.  E.  Codman. 

Fire-Resisting  Paint,  by  Mr.  Edward  Hurst  Brown. 

A  Safety  Self-Extinguishing  Car  Stove,  by  Mr.  R.  Meade  Bache. 

The  Strength  of  Irregular  and  Composite  Structures.  General 
Discussion. 

A  New  System  of  Screw  Threads,  by  Mr.  John  L.  Gill,  Jr. 

A  Venetian  Ship  Railway,  by  Mr.  E.  L.  Corthell. 

Camp  Life  on  the  Union  Pacific  Railway  Surveys,  by  Mr.  C.  H. 
Middleton,  Jr. 

The  Susquehanna  River  Bridge  of  the  Baltimore  &  Ohio  R.  R., 
by  Mr.  S.  P.  Mitchell. 

A  Boat  Telemeter,  by  Mr.  R.  Meade  Bache. 

The  Carnell  Air  Injector,  by  Mr.  J.  M.  Cameron  (Guest). 

A  Traveler  to  Carry  Wires,  Ropes,  etc.,  through  Conduits,  by 
Mr.  Henry  G.  Morris. 

Experiments  with  Current  Deflectors  at  Five-Mile  Bar,  Phila- 
delphia, by  Prof  L.  M.  Haupt. 
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The  Gileppe  Dam,  Belgium,  by  Mr.  A.  Marichal. 

Connections  for  Secondary  Batteries,  by  Mr.  A.  Saunders 
Morris. 

Tests  for  Riveted  Joints,  by  Mr.  W.  H.  Nauman. 

Water  Filtration,  by  Mr.  Henry  Roeske  (Guest). 

Boiler  Specifications,  by  Mr.  C.  G.  Darrach,  with  Discussion  by 
Messrs.  J.  T.  Boyd,  C.  T.  Thompson,  A.  Marichal,  J.  E.  Codman, 
0.  C.  Wolf,  P.  Roberts,  Jr.,  G.  R.  Henderson  and  Howard  Murphy. 

The  Calorimetric  Investigation  of  the  Performance  of  a  Com- 
pound Engine,  by  Mr.  W.  H.  Nauman. 

Cement  Tests,  by  Mr.  J.  E.  Codman,  with  Discussion  by  Mr. 
A.  Marichal. 

A  Specimen  of  Cement,  by  Mr.  C.  H.  Haswell. 

The  Palmetto  Railroad,  by  Mr.  P.  T.  Osborne. 

The  Unaccountable  Deficiency  in  the  Track  of  American  Rail- 
ways, by  Mr.  R.  B.  Osborne,  with  Discussion. 

Respectfully  submitted, 
Howard  Murphy,  Secretary  and  Treamrer, 


NOTES  AND  COMMUNICATIONS. 

EFFICIENCY  OF   DIFFERENT    FORMS   OF  BOILERS   IN 
USE  BY  THE  PHIIiADELPHIA  WATER  DEPARTMENT. 

Beoulab  Meeting,  Novembeb  20th,  1886. — Mr.  John  E.  Codman  presented 
an  account,  illustrated  by  blackboard  sketches,  of  the  results  obtained  from  recent 
tests.  The  boilers  first  tested  were  four  in  number,  and  known  as  ''  double-decked," 
a  popular  form  in  Philadelphia,  and  supposed  by  many  to  be  an  economical  steam 
generator.  The  lower  boiler  generally  contains  about  as  many  tubes  as  the  tube  sheet 
will  safely  hold ;  the  upper  boiler,  or  drum,  is  connected  to  the  lower  one  by  two  or 
more  necks,  and  the  water  is  usually  carried  so  as  to  half  fiU  the  upper  drum.  In  the 
trials  mentioned,  the  height  of  water  was  measured  from  the  bottom  of  the  upper 
drum.  For  16  hours  it  was  kept  at  5}  inches  from  the  bottom,  and  for  8  hours  at 
12}  inches  from  the  bottom.  This  difference  is  not  very  great,  but  the  results  obtained 
show  the  advantage  of  keeping  the  water  as  low  as  possible  in  the  upper  drum,  as, 
with  high  water,  much  that  is  obtained  is  only  apparent  evaporation.  An  apparent 
evaporation  of  16,000  pounds  of  water  was  obtained  per  hour  for  the  four  boilers, 
which,  when  corrected,  gave  only  16,700  pounds  per  hour.  The  calorimetrical  tests  for 
quality  of  steam,  made  at  intervals  of  30  minutes,  gave  over  8  per  cent  of  water  in 
the  steam. 

With  5}  inches  in  the  upper  drum,  an  apparent  evaporation  of  16,100  pounds  was 
obtained  per  hour,  which,  when  corrected  for  steam,  etc.,  gave  17,230  pounds  per  hour. 
The  calorimetrical  tests  gave  Q\  per  cent,  of  water  in  the  steam.  The  evaporation  of 
water  per  pound  of  combustible  averaged  above  ^\  pounds  for  the  24  hours.    Using 
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34}  pounds  of  water  from  and  at  212°  Fahrenheit  as  the  equivalent  of  a  horse  power, 
the  low  water  gives  500  horse-power,  against  486  horse  power  for  the  higher  water. 
The  coal  used  was  an  ordinary  quality  of  Schuylkill  pea  coal,  containing  about  16} 
per  cent,  of  ashes  and  clinkers.  The  second  tests  were  made  on  the  ordinary  tubular 
boiler,  set  in  brick-work  and  externally  fired,  arranged  so  that  the  escaping  gases 
passed  over  the  top  of  the  boiler  and  around  the  steam  drum.  The  boilers  were  run 
for  24  hours,  all  water  and  coal  being  carefully  weighed  and  checked  at  the  end  of 
each  hour;  the  dampers  were  kept  wide  open,  and  all  the  coal  that  could  be  burned 
upon  the  grates,  with  a  natural  draught  in  a  chimney  60  feet  high,  was  put  into  the 
furnaces.  The  calorimetrical  test  gave  very  good  results,  the  average  of  thirty-nine 
observations  showing  -f^  of  one  per  cent,  of  water  in  the  steam.  The  evaporative 
efficiency  of  these  boilers  was  10}  pounds  of  water  per  pound  of  combustible.  The 
rated  horse  power  of  the  boilers  was  30  horse  power  for  each,  or  60  horse  power  for 
the  two  tested.  The  horse  power  developed,  using  34}  pounds  of  water  from  and  at 
212°  Fahrenheit,  was  nearly  100  horse  power. 


Some  discussion  followed.  President  Washington  Jones  said:  In  the  so-called 
"double-decked  boilers''  the  contracted  passages  or  necks,  connecting  the  upper  and 
lower  sections,  and  through  which  the  steam  formed  in  the  lower  section  rises  to  the 
upper  one  with  such  a  high  velocity  as  to  carry  entrained  water,  this  water  passes  to  the 
steam  pipe  and  is  credited  as  steam,  unless  the  calorimeter  test  reveals  its  presence. 

This  disposition  to  carry  water  is  augmented  by  the  increased  velocity  of  the  ascend- 
ing steam,  caused  by  the  injudicious  crowding  of  the  tubes  nearly  to  the  top  of  the 
lower  section,  and  by  insufficient  space  between  the  vertical  rows,  so  that  the  passage 
ways  through  the  necks  are  thereby  obstructed.  The  better  practice  is,  to  omit  such 
tubes  as  come  immediately  under  the  necks,  leaving  a  space  of  several  inches  (say 
one-half  the  diameter  of  necks)  between  the  shell  at  necks  and  the  adjacent  tubes,  so 
as  to  obtain  a  more  quiet  liberation  of  the  steam  bubbles.  The  necks  should  be  of 
limited  diameter,  ordinarily  from  10  to  14  inches,  so  that  the  strength  of  the  shell 
shall  not  be  impaired  by  the  holes  cut  in  it  to  match  the  necks.  More  than  two  necks 
are  injurious,  as  the  upper  bnd  lower  sections  should  not  be  rigidly  bound  together, 
but  should  be  permitted  to  alter  their  parallelism,  if  unequal  expansion  demands  it. 
The  greater  quantity  of  steam  formed  at  the  front,  or  furnace  end,  of  boiler  should 
establish  a  circulation  upwards  through  the  front  neck,  and  downwards  through  the 
back  neck.  This,  however,  is  evidently  not  the  fact,  as  the  quick  and  frequent  fluctua- 
tions of  the  water  line,  shown  by  the  glass  gauge,  proves.  When  a  volume  of  steam, 
greater  than  usual,  is  generated  in  the  front  end  of  boiler,  the  quickened  ascent  of  the 
current  causes  a  larger  quantity  of  water  to  flow  through  the  front  neck  into  the 
upper  section,  and  the  water-line  rises  momentarily  at  that  end  of  the  section,  and  is 
so  shown  by  the  glass  water  gauge ;  meanwhile,  the  water  is  passing  down  the  neck 
at  back  end.  When  the  ebullition  at  front  end  becomes  quieter,  and  the  upward 
current  slower,  the  water-line  falls  to  a  level,  or  possibly  below  it,  at  front  end,  if  the 
back  neck  is  giving  a  passage  to  steam  formed  at  back  end  of  boiler,  and  so  reverses 
the  currents.  One  requisite  of  the  first  importance  to  the  evaporative  efficiency  of  a 
boiler,  is  the  production  and  maintenance  of  a  constant  current  of  water,  passing, 
without  change  of  direction,  over  the  heated  metal  surfaces,  so  as  to  sweep  off  the 
steam  bubbles  adhering  to  those  plates,  and  bringing  into  their  place  fresh  particles 
of  water  to  be,  in  their  turn,  converted  into  steam  bubbles. 
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AKAIX>GIi:S  BETWEEN  ELECTRICAL  AND  MECHANICAL 

UNITS  AND  PHENOMENA. 

Business  Meeting,  December  4th,  1886. — Mr.  Carl  Hering  read  the  paper. 
After  explaining  why  electrical  quantities  cannot  be  ezpressed  in  the  ordinary 
mechanical  units,  he  stated  that  the  only  units  which  were  alike,  or  interchangeable 
in  the  two  systems,  where  those  of  time  and  energy.  The  others^  although  not  inter- 
changeable, are  quite  similar,  in  their  nature  and  their  effect,  to  certain  mechanical 
units.  Electrical  quantity  expressed  in  coulombs  has  no  equivalent,  but  quantity 
flowing  per  second,  or  current,  expressed  in  amperes,  is  analogous,  in  most  respects,  to 
a  current  of  water,  and  it  follows  most  of  the  laws  governing  the  latter.  Electrical 
pressure,  or  electromotive  force,  is  analogous  to  mechanical  pressure,  or  to  water-motive 
force,  as  it  might  be  called  when  referring  to  water.  In  both  it  is  that  which  causes 
a  current  to  flow,  and  without  which  no  current  can  flow.  A  great  pressure  exists 
similarly  in  a  friction  electric  machine  and  a  fired  pistol;  in  both  it  will  overcome 
great  resistances;  in  either  case,  if  it  readily  overcomes  the  high  resistance  of  the 
human  body,  it  becomes  dangerous. 

The  zero-level  of  pressure  of  electricity  is  taken  as  that  of  the  infinitely  large 
quantity  of  electricity  in  the  earth,  just  as  the  zero-level  of  the  water  is  that  of  the 
ocean,  or  the  normal  pressure  of  air  is  that  of  one  atmosphere.  The  terms  positive 
and  negative  pressures,  or  currents,  may  be  applied  similarly  to  all  these  three  cases, 
assuming  the  zero  or  normal  levels  as  explained.  It  is  not  known  whether  electricity 
flows  at  all,  but  for  all  practical  purposes  it  may  be  supposed  to  do  so.  The  "earth 
return"  circuit  used  in  telegraphy,  in  which  the  two  ends  of  a  wire  are  connected  to 
the  earth,  was  compared  to  a  single  pneumatic  tube,  the  two  ends  of  which  communi- 
cated with  the  open  air,  or  an  "  air  return  circuit,"  thus  showing  that  the  electricity 
does  not  necessarily  flow  back  through  the  earth. 

Resistance  is  similar  in  both.  Self-induction  may  be  compared  to  inertia,  being 
the  apparent  resistance  to  a  sudden  stopping  or  starting  of  a  current.  The  increased 
electrical  pressure  at  breaking  a  circuit  is  analogous  to  that  in  the  hvdraulic  ram. 
Electrical  work,  which  is  pressure  multiplied  by  quantity,  is  equivalent  to  foot  pounds, 
as  of  a  quantity  of  air  at  a  certain  pressure.  In  both  cases,  if  the  pressure  is  high, 
the  quality  of  the  work  or  the  eflect  will  be  analogous;  similarly,  if  the  quantity  is 
great ;  the  discharge  of  a  pistol  is  analogous  to  that  of  a  Leyden-jar,  and  an  air  blast 
or  a  wind  analogous  to  incandescent  lighting  currents.  Similar  analogies  exist  with 
power,  as  in  a  watch  &nd  a  telegraph  current.  An  Edison  telephone  consumes  about 
one  thousandth  of  the  power  in  a  watch.  The  power  of  a  bolt  of  lightning  is  said  to  be 
equivalent,  in  some  cases,  to  the  work  of  a  100  horse  power  engine  for  10  hours.  The 
discharge  of  a  small  Leyden-jar  is  about  one  two-thousandth  of  that  of  a  small  pistol. 
A  series  of  arc  lamps  is  represented  quantitatively  by  a  series  of  water-falls,  each  50 
feet  high,  discharging  45  gallons  per  minute;  a  set  of  incandescent  lamps,  by  a  single 
fall  of  100  feet,  divided  into  small  falls,  each  of  4  gallons  per  minute. 

Generq,tors  of  electricity,  or  dynamos,  do  not  produce  electricity ;  they  are  analogous 
to  a  pump  or  an  air-blower,  in  which  pressure  is  generated,  but  not  quantity  of  electri- 
city, water,  or  air.  Similarly,  a  storage  battery  does  not  store  electricity,  but  pressure. 
The  current,  passing  through  them,  stores  its  pressure,  similarly  to  the  storing,  in  the 
steam,  of  the  heat  of  the  gases  in  a  boiler. 


262  Abstract  of  Minutes  of  Meetings.  [Proc  Eng.  Qaby 

ABSTRACT  OF  MINUTES  OF  MEETINGS. 

Ck>ntiiiued  from  Vol.  V,  No.  4,  page  363. 


Of  the  Club. 

April  3d,  1886. — Regular  Meeting. — President  Washington 
Jones  in  the  chair ;  22  members  and  2  visitors  present. 

The  evening  was  spent  in  an  interchange  of  views  as  to  how 
to  best  promote  a  more  extended  discussion  of  the  numerous 
subjects  brought  before  the  Club.  Various  methods  of  bringing 
the  original  papers  to  the  early  attention  of  members  likely  to 
discuss  them  were  proposed.  The  subject  was  finally  referred  to 
the  Publication  Committee. 

April  17th,  1886. — Regular  Meeting. — President  Washington 
Jones  in  the  chair ;  27  members  and  1  visitor  present 

Mr.  J.  S.  Elliott  presented  a  discussion  of  the  recent  paper  by 
Mr.  C.  W.  Buchholz  upon  **  Engineering ;  Its  Achievements  and 
Its  Reward." 

Mr.  H.  W.  Sanborn  made  some  remarks  on  Recent  Stream 
Gauging  for  the  Future  Water  Supply  of  Philadelphia. 

Mr.  E.  V.  dTnvilliers  spoke  upon  the  geological  position, 
characteristic  features  and  method  of  mining  the  ore  at  the 
Cornwall  Iron  Mines,  Lebanon  Co.,  Pa.,  illustrating  his  remarks 
with  several  maps  and  cross-sections,  and  a  relief  model  of  the 
mines  and  contiguous  territory,  constructed  by  Mr.  A.  E.  Lehman. 

Mr.  A.  E.  Lehman  then  exhibited,  and  described  the  method 
of  construction  of,  the  Model  of  the  above  mine. 

May  1st,  1886. — Business  Meeting. — Vice-President  Thomas 
M.  Cleemann  in  the  chair;  22  members  and  1  visitor  present. 

The  Tellers  of  Election,  Messrs.  J.  E.  Codman  and  W.  J.  Hoyt, 
reported  that  116  votes  had  been  cast,  and  the  following  elected 
Active  Members  of  the  Club:  Messrs.  John  Rowbotham,  Wm. 
N.  Howell,  Max  H.  Biernbaum,  Gratz  Mordecai,  Henry  M. 
Sperry,  A.  G.  Menocal,  James  W.  Leahy,  Otto  C.  Wolf,  N.  H. 
Culver,  Capt.  J.  C.  Mallery,  Frank  S.  Brock,  A.  P.  Kirtland  and 
Thomas  H.  Dobson. 


Phila.,  1888,  VI,  4.]  Abstract  of  Minutes  of  Meetings.  263 

The  Publication  Committee,  in  the  matter  of  devising  means 
to  encourage  and  increase  the  discussion  of  papers  read  before 
the  Club,  reported  progress. 

Dr.  H.  M.  Chance  read  an  illustrated  paper  upon  the  Pressure 
and  Composition  of  Natural  Gas  in  Pennsylvania. 

Mr.  Frederic  Graflf  presented  Notes  Upon  the  Early  History  of 
the  Employment  of  Water  Power  for  Supplying  the  City  with 
Water,  and  the  Building  and  Rebuilding  of  the  Dam  at  Fair- 
mount. 

Mr.  T.  Earl  Collins  offered  the  following  mathematical  question  : 
Does  a  locomotive  piston  at  the  end  of  each  stroke,  in  reversing 
its  direction,  come  to  a  stand-still,  and  if  so,  can  the  same  be 
mathematically  demonstrated  ? 

Also,  would  a  difference  in  speed  affect  the  duration  of  its 
stationary  condition,  if  such  exists? 

Mr.  Collins  suggests :  "  As  the  crank  pin  describes  a  circle, 
changing,  at  every  point,  its  direction,  and  therefore  having,  at  all 
times,  more  or  less  lateral  movement,  and  its  movement  being 
continuous,  it  is  argued  that  the  piston  can  have  no  moment  of 
rest  without  the  crank  pin  coming  to  rest  also,  supposing  perfect 
joints." 

Mr.  A.  R.  Roberts  exhibited  a  working  model  of  a  device  to 
reduce  the  wear  on  level  crossings,  at  angles  from  70°  to  square, 
to  a  minimum,  and  also  the  wear  of  wheels  and  axles  passing 
over  such  crossings,  to  a  minimum,  by  making  a  pratically  con- 
tinuous bearing  for  both  tracks,  and  obviating  the  necessity  for 
any  wheels  to  have  to  jump  a  frog  throat.  The  whole  appliance 
for  closing  the  gaps  is  operated  from  the  signal  tower. 

May  15th,  1886. — Regular  Meeting. — President  Washington 
Jones  in  the  chair;  28  members  and  3  visitors  present. 

Mr.  E.  S.  Hutchinson  read  a  paper  giving  a  Resumd  of  the 
Report  of  the  Hon.  John  Bigelow  on  the  Panama  Canal  made  to 
the  New  York  Chamber  of  Commerce. 

Dr.  R.  P.  Robins,  introduced  by  Mr.  T.  M.  Cleemann,  read  an 
interesting  account  of  the  First  Permanent  Tramway  in  America, 
which  was  projected  by  Mr.  Thomas  Leiper,  of  Delaware  County, 
Pa.,  in  1809,  for  the  transportation  of  stone. 
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Dr.  Robins'  description  contains  full  quotations  from  various 
historical  authorities,  contemporaneous  newspapers,  etc.  A  vote 
of  thanks  was  extended  to  Dr.  Robins  for  his  very  entertaining 
contribution. 

Prof.  L.  M.  Haupt  exhibited  an  original  drawing  of  Josiah 
White's,  containing  designs  for  Dams  Nos.  3  and  4  on  the  Lehigh. 
They  were  built  of  round  timbers,  filled  with  rip-rap,  and  were 
each  about  36  feet  high.  Mr.  White  is  known  as  the  inventor  of 
the  earliest  form  of  movable  dam,  known  as  the  "  Bear  Trap," 
which  he  built  at  the  mouth  of  the  Lehigh,  at  Easton,  in  1818. 

Prof.  Haupt  also  presented  some  extracts  from  a  paper  on  the 
Phila.  Traction  Co.'s  Lines  by  Mr.  H.  R.  Stoops,  wherein  a  com- 
parison is  made  between  the  cable  and  horse  systems  of  street 
railways,  favorable  to  the  latter.  Remarks  were  made  by  Mr. 
Henry  G.  Morris  on  an  Electric  Motor  Car,  and  by  Mr.  John  T. 
Boyd  on  Traction  Cables  and  Machinery. 

The  Secretary  announced  the  death  of  our  fellow  member,  Mr. 
E.  F.  Loiseau,  in  Belgium. 

June  5th,  1886. — Regular  Meeting. — President  Washington 
Jones  in  the  chair ;  30  members  and  1  visitor  present. 

Mr.  J.  E.  Codman  presented  a  paper  on  Calorimetric  Tests  of 
Boilers. 

The  Secretary  presented,  for  Mr.  G.  R.  Henderson,  an  article 
on  the  Taper  of  Steam  Jets,  issuing  from  circular  orifices. 

Mr.  Henderson  acknowledges  the  assistance  which  Mr.  W.  E. 
Hall  rendered  him  in  making  these  experiments. 

Mr.  A.  Marichal,  introduced  by  the  Secretary,  presented  a 
mathematical  discussion  of  Question  No.  3,  as  to  whether  or  not 
the  piston  of  an  engine  comes  to  an  absolute  rest  at  the  end  of 
its  stroke. — Mr.  Marichal  claims  that  it  does. 

The  Secretary  presented,  for  Mr.  B.  Ayres,  of  Philadelphia,  an 
old-time  profile  of  Section  34  of  the  Gettysburg  Extension  of  the 
Penna.  R.  R.  System,  1838.  It  was  drawn  by  Mr.  W.  Hazel 
Wilson,  the  Chief  Engineer.  After  $1,000,000  was  expended  on 
the  road,  the  State  abandoned  the  work. 

Mr.  Ayres'  contribution  also  included  a  copy  of  General  Profile 
of  the  Northern  Pacific  R.  R.,  and  one  of  the  Bozeman  Pass 
Tunnel  on  that  road. 
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A  vote  of  thanks  was  returned  to  Mr.  Avres  for  these  contribu- 
tions  to  the  library. 

The  Secretary  presented,  for  Messrs.  Wilfred  Lewis,  M.  R. 
Muckl^,  Jr.,  and  Coleman  Sellers,  Jr.,  Chairman,  the  Committee 
appointed  for  that  purpose,  a  memorial  notice  of  the  late  Theo- 
dore Bergner.  A  history  of  his  life  and  labors,  and  an  account 
of  his  principal  inventions,  are  given. 

The  Secretary  presented,  for  Mr.  P.  D.  Ford,  a  large  number  of 
corrections  to  Nystrom's  Engineers'  Pocket  Book,  which  the  author 
thought  to  include  all  in  the  first  half  of  the  book.  It  was  thought 
desirable  that  these  corrections  should  be  placed  in  the  hands  of 
members,  especially  if  the  correction  of  the  book  could  be  made 
complete;  and  the  Secretary  was  directed  to  correspond  with 
Mr.  Ford  and  with  Messrs.  J.  B.  Lippincott  &  Co.,  the  publishers, 
on  the  subject. 

The  Secretary  exhibited  the  map  of  the  First  Permanent 
Tramway  in  America,  which  was  described  by  Dr.  R.  P.  Robins 
at  the  meeting  on  May  15th,  1886. 

June  19th,  1886. — Business  Meeting. — President  Washington 
Jones  in  the  chair;  21  members  and  1  visitor  present. 

The  Tellers  of  Election  reported  that  101  votes  had  been  cast, 
and  that  the  following  had  been  elected  Members  of  the  Club. 
Active :  Messrs.  J.  S.  Walker,  Hiram  J.  Slifer,  Richard  B.  Osborne, 
G.  L.  Jones,  Geo.  Henderson  and  B.  H.  Wright.  Associate :  Mr. 
E.  V.  Douglass. 

The  Secretary  presented  a  Report  from  the  Publication  Com- 
mittee, to  whom  was  referred  the  matter  of  providing  additional 
facilities  for  the  discussion  of  papers,  wherein  the  Committee  rec- 
ommend no  departure  from  our  present  methods.  On  motion, 
the  report  and  recommendations  were  adopted. 

The  Secretary  presented,  for  Prof.  L.  M.  Haupt,  the  following : 

"  Whereas,  It  is  proposed  in  the  U.  S.  Senate  to  add  an  item 
to  the  River  and  Harbor  Bill  amounting  to  One  Million  Dollars, 
for  the  purpose  of  beginning  the  work  of  improving  the  entrance 
to  New  York  Harbor  in  accordance  with  the  specific  plan,  ap- 
proved by  a  Board  of  Engineers  as  stated  in  Ex.  Doc.  No.  78, 
House  of  Representatives,  48th  Congress,  2d  Section,  and 
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Whereas,  The  plan  as  proposed  involves  a  large  expenditure 
of  time  and  money,  and  is  uncertain  in  its  results,  and 

Whereas,  We  believe  the  limitation  of  the  expenditure  to  a 
specific  plan  would  not  produce  the  desired  end  in  the  most  ex- 
peditious manner ;  it  is  therefore 

Resolved,  That  in  view  of  the  great  importance  of  radically 
improving  the  entrance  to  the  harbor  of  New  York,  in  the  most 
expeditious,  economical  and  eflFective  manner,  we  would  respect- 
fully request  our  Honorable  Senators  and  Representatives  in 
Congress  to  urge  the  appropriation  of  the  amount  desired,  but 
only  on  the  condition  that  its  application  be  not  restricted  to  any 
special  plan,  but  be  opened  to  all  competitors,  upon  plans  to  be 
subject  to  the  approval  of  the  Chief  of  Engineers,  or  of  a  Board 
of  Engineers  to  be  appointed  by  him," 

With  reference  to  the  motion  to  adopt  the  Resolution,  Prof. 
Haupt  called  attention  to  the  uncertainty,  expense  and  great 
length  of  time  which  would  be  required  to  carry  out  the  plan  of 
the  stone  dyke  from  Coney  Island,  and  stated  that  he  believed 
the  result  would  be  merely  to  create  a  second  contraction,  similar 
to  that  existing  at  the  "  Narrows,"  with  deep  water  at  the  exit, 
but  that  beyond  there  would  reform  a  bar  with  not  more  than  the 
present  depth  of  water.  The  plane  of  tidal  scour  is  limited,  at 
that  locality,  to  24  feet,  and  unless  some  device  be  used  to  main* 
tain  an  increased  bottom  velocity  at  ebb  tide,  he  predicted  failure. 
The  dyke  would  violate  a  fundamental  principle  of  harbor  con- 
struction, by  opposing  great  resistance  to  the  flood  wave,  and 
hence  diminish  and  weaken  the  ebb  discharge,  causing  a  shoaling 
in  the  lower  bay  and  a  cutting  off  and  destruction  of  the  northern 
channels.  It  would  also  render  existing  "  aids  to  navigation  " 
(lighthouse,  etc.)  useless. 

He  reaffirmed  his  opinion  as  to  the  practicability  of  utilizing 
the  forces,  acting  so  powerfully  at  the  head  of  Gedney's  Channel, 
to  open  and  maintain  the  same,  and  believed  it  should  be  at- 
tempted by  other  means  than  by  dykes  or  by  dredging,  before 
Congress  committed  itself  to  the  plans  proposed. 

On  motion  of  Mr.  E.  S.  Hutchinson  the  Preamble  and  Resolu- 
tions were  unanimously  adopted. 

The  Secretary  presented,  for  Mr.  H.  K.  Lee,  a  table  of  Sizes  of 
Chimneys,  for  the  Reference  Book. 
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The  Secretary  presented,  for  Mr.  Fred.  Brooks,  C.  E.,  of  Boston, 
Correspondent,  a  table  of  Approximate  Metric  Equivalents,  for 
the  Reference  Book. 

The  Secretary  presented  a  letter  from  Capt.  Spencer  C.  McCorkle, 
wherein  he  states  that  the  Superintendent  of  the  U.  S.  C.  &  G. 
Survey  had  given  his  assent  to  the  presentation  to  the  Club,  for 
publication  and  discussion,  of  the  investigation  which  Capt. 
McCorkle  has  made  of  Movement  of  Ice  in  the  Delaware  River 
in  1886. 

Capt.  McCorkle  was  present  and  explained  the  scope  of  the 
paper,  and  specially  desires  free  and  full  discussion  thereof. 

Mr.  Gratz  Mordecai,  author  of  a  report  on  Railroad  Terminal 
Facilities  at  New  York,  presented  "  Notes  on  the  Investigation  of 
the  Movement  of  Freight  and  Passengers  in  Cities,"  and  ex- 
hibited a  large  map — about  6'  x  10' — showing  New  York  City 
and  surroundings  from  Eighty-sixth  Street  on  the  north  to  Erie 
Basin  on  the  south. 

The  Club  adjourned  for  the  summer,  to  meet  at  the  call  of  the 
chair. 

October  2d,  1886. — Regular  Meeting. — President  Washington 
Jones  in  the  chair;  31  members  and  1  visitor  present. 

Prof.  L.  M.  Haupt  read  some  extracts  from  a  paper  by  Mr. 
Milne,  Institution  of  Civil  Engineers,  entitled,  "  Construction  in 
Earthquake  Countries,"  with  its  discussion.  The  results  were 
obtained  from  careful  seismic  surveys  made  in  Japan,  and  led 
the  author  to  state  that  the  safety  of  a  building  depended  prima- 
rily upon  its  inertia,  and  secondarily  upon  its  foundation  being 
made  "  free,"  either  by  using  a  bearing  of  cast  iron  shot,  or  of 
troughs  filled  with  sand.  A  peculiar  phase  of  earthquake  phe- 
nomena, not  hitherto  observed,  was  the  much  greater  disturb- 
ance at  the  surface  of  the  ground  over  that  at  the  bottom  of  a 
pit  only  ten  feet  deep.  As  to  the  site  of  a  building,  solid  and 
high  ground  was  always  to  be  preferred. 

Prof.  Haupt  also  exhibited  some  photographs  of  Mr.  J.  Lesley 
Corbett's  Improvements  in  Solar,  Mining  and  Engineers'  Tran- 
sits, which  he  has  so  ably  adapted  to  meet  the  numerous  and 
complicated  requirements  of  the  various  sub-divisions  of  the  pro- 
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fession.  This  instrument,  which  is  at  once  stadia,  graduator, 
transit,  alt-azimuth,  solar  and  level,  was  made  by  the  Messrs.  W. 
&  L.  E.  Gurley,  Troy,  N.  Y.,  in  1883-4. 

Mr.  Oliver  B.  Harden  read  a  paper  upon  Photographic  Map 
Reduction — the  method  employed  by  the  2d  Geological  Survey 
of  Penna.,  on  account  of  its  accuracy,  quickness  and  cheapness  as 
compared  with  other  methods  of  reduction. 

The  Secretary  presented,  for  Mr.  John  Graham,  Jr.,  an  il- 
lustrated description  of  the  Horizontal  Turbines  at  Willimantic. 

The  Secretary  presented,  for  Mr.  W.  E.  Hall,  a  Review  of  the 
Freight  Brake  Trials. 

October  16th,  1886. — Regular  Meeting. — Past-President  Fred- 
eric Graff  in  the  chair ;  23  members  and  1  visitor  present. 

Mr.  J.  E.  Codman  presented  an  illustrated  description  of  a  case 
of  Low  Water  in  a  Steel  Boiler,  wherein  the  refilling  of  the 
boiler,  after  the  exposed  portions  had  reached  a  high  temper- 
ature, produced  no  evidence  of  a  tendency  to  crack  in  the  steel. 

Mr.  C.  0.  Hering  presented  Tables  of  Equivalents  of  Units  of 
Energy  and  Equivalents  of  Units  of  Weights  and  Measures,  for 
the  Reference  Book. 

Mr.  J.  H.  Harden  read  a  paper  on  Early  Mining  Operations  in 
Berks  and  Chester  Counties,  Pennsylvania. 

Mr.  William  E.  Lockwood,  introduced  by  the  Secretary,  gave 
a  brief  description  and  review  of  the  progress  made  in  the  eCForts 
to  determine  the  "  Hammer  Blow  "  of  a  Locomotive's  Drivers, 
since  January,  1883,  when  Mr.  Lockwood  spoke  on  the  subject  of 
the  Shaw  locomotive  before  the  Club.  Stereoptical  views  were 
shown  of  the  Ashtabula  Bridge  before  and  after  the  accident,  the 
conditions  stated,  and  the  suggestion  made  that  the  "  hammer 
blow  "  might  have  been  the  cause. 

Next  were  shown  views  of  the  Dudley  Dynograph  Car,  includ- 
ing the  machinery  by  which  the  conditions  of  the  track  are 
determinated,  and  a  sample  sheet  showing  the  results. 

Three  views  followed  of  a  New  Application  of  the  Dynamo- 
meter for  determining  the  "hammer  blow"  of  a  locomotive's 
drivers.  A  description  of  the  dynamometer  was  read  and  ex- 
plained. 
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Following  these  were  shown  the  coupling  pins  and  pulling 
bar,  which  attaches  the  tender  to  the  locomotive,  it  being  claimed 
that  these  demonstrated  in  their  "  wear  and  tear  "  the  difference 
between  the  present  system  of  "  rotating  counterbalance  "  and 
"  steam  self-balancing  counterbalance." 

Three  views  were  then  shown  of  appliances  recently  constructed 
to  prove,  as  Mr.  Lockwood  states  it,  "  that  the  top  of  the  driving 
wheel,  when  the  bottom  is  in  contact  with  the  rail,  moves  twice 
as  fast  as  the  bottom,  and  that  the  bottom  stands  perfectly  still."^ 

November  6th,  1886. — Business  Meeting. — President  Wash- 
ington Jones  in  the  chair;  12  members  and  1  visitor  present. 

Messrs.  H.  J.  Hartley  and  A.  Saunders  Morris,  the  Tellers  of 
Election,  reported  that  105  votes  had  been  cast,  and  that  the  fol- 
lowing were  elected  Active  Members  of  the  Club :  Messrs.  Louis 
S.  Wright,  G.  D.  Chenoweth,  Albert  Millet,  Wm.  D.  Hewitt,  A. 
E.  Harvey,  Jr.,  H.  A.  Schofield,  Amasa  Ely  and  Arthur  Marichal. 

The  Secretary  presented,  for  Mr.  W.  E.  Hall,  a  paper  on  Car 
Lubrication.  Some  discussion  followed  by  Prof.  L.  M.  Haupt^ 
Mr.  John  T.  Boyd  and  others. 

Mr.  Frank  A.  Hill  presented  a  paper  on  Fatal  Accidents  in 
Anthracite  Mines. 

The  Secretary  presented,  for  Mr.  Geo.  R.  Henderson,  a  paper 
on  the  Efficiency  of  Locomotives  and  Resistance  of  Trains. 

The  Secretary  presented,  for  Mr.  Herman  Haupt,  Jr.,  a  descrip- 
tion of  the  St.  Paul  Ice  Palace,  illustrated  by  photographs  and 
prints. 

November  20th,  1886. — Regular  Meeting. — President  Wash- 
ington Jones  in  the  chair  ;  15  members  present. 

The  Secretary  presented,  for  Mr.  George  R.  Henderson,  a 
Table  of  Millimetres  and  Equivalents  in  Inches,  for  the  Refer- 
ence Book. 

Mr.  John  E.  Codman  presented  an  account,  illustrated  by 
blackboard  sketches,  of  the  results  obtained  from  the  recent  tests 
of  the  Efficiency  of  Different  Forms  of  Boilers  now  in  use  by  the 
Philadelphia  Water  Department. 

Discussion  followed  by  President  Washington  Jones. 
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The  Secretary  announced  the  death,  on  October  7th,  1886,  of 
Mr.  Frank  S.  Brock,  Active  Member  of  the  Club. 

December  4th,  1886. — Business  Meeting. — President  Wash- 
ington Jones  in  the  chair ;  24  members  present. 

Nominations  were  made  for  Officers  to  serve  during  the  fiscal 
year  1887. 

Mr.  Carl  Hering  read  a  paper  upon  Analogies  between  Elec- 
trical and  Mechanical  Units  and  Phenomena. 

The  Secretary  presented,  for  Mr.  A.  H.  Rowland,  a  paper  upon 
the  general  subject  of  Water  Pipes. 

Some  discussion  upon  the  Water  Pipe  question  followed,  by 
Mr.  W.  J.  Hoyt,  Prof.  L.  M.  Haupt,  Mr.  C.  T.  Thompson  and  the 
Secretary. 

The  Secretary  presented,  for  Mr.  Rudolph  Hering,  notes  upon 
the  Present  Investigation  of  the  Drainage  and  Water  Supply  of 
Chicago. 

The  Secretary  announced  the  death,  on  November  6th,  1886, 
of  William  Brantley  Cooper,  Active  Member  of  the  Club,  and 
read,  from  the  Washington  County  Advertiser,  of  Fort  Edward, 
N.  Y.,  an  interesting  account  of  his  life  and  work. 

* 

December  18th,  1886. — Regular  Meeting. — President  Wash- 
ington Jones  in  the  chair ;  22  members  and  1  visitor  present. 

The  Secretary  presented,  for  Mr.  Kenneth  Allen,  a  table  of 
Thicknesses  of  Plates  for  Stand  Pipes,  with  formulae,  for  the  Ref- 
erence Book. 

Prof.  L.  M.  Haupt  presented  the  results  of  some  calculations 
upon  the  Equilibrium  and  Stability  of  his  system  of  Floating 
Deflectors. 

The  Secretary  presented,  for  Mr.  A.  H.  Howland,  a  paper  upon 
Stand  Pipes. 

The  Secretary  presented,  for  Mr.  J.  H.  Harden,  notes  upon  the 
Chester  Co.,  Penna.,  Granite,  illustrated  by  specimens  and  photo- 
graphs. 

January  8th,  1887. — Ninth  Annual  Meeting. — President 
Washington  Jones  in  the  chair;  40  members  present. 

The  Retiring  President,  Mr.  Washington  Jones,  delivered  the 
Annual  Address. 


Phila.,  1888,  VI,  4.]         AhBtract  of  Minvies  of  Meetings,  271 

The  Secretary  and  Treasurer  presented  his  Annual  Report  for 
the  fiscal  year  1886. 

On  motion  of  the  Secretary  and  Treasurer  his  accounts  for 
1886  were  referred  to  the  Finance  Committee  for  audit. 

The  Tellers  of  Election,  Messrs.  Wilfred  Lewis  and  John  S. 
Muckl6,  reported  that  165  votes  had  been  cast,  and  that  the  fol- 
lowing were  elected  Active  Members  of  the  Club :  Messrs.  Arthur 
Falkenau,  Theodore  L.  Welles,  Sydney  W.  Arnold,  J.  J.  Tierney, 
Benjamin  Franklin,  James  M.  Dodge,  S.  S.  Evans,  W.  S.  B. 
McCaleb,  Edward  H.  Brown,  Alexander  Wurts  and  Robert  A. 
Shillingford ;  and  that  the  following  had  been  elected : 

Officers  foe  1887: 

President — Thomas  M.  Cleemann. 

Vice-President — ^Joseph  M.  Wilson. 

Secretary  and  Treasurer — Howard  Murphy. 

Directors — John  T.  Boyd,  C.  W.  Buchholz,  Frederic  Graff, 
Washington  Jones  and  M.  R.  Muckl6,  Jr. 

President-elect  Thomas  M.  Cleemann  took  the  chair  with  ap- 
propriate remarks. 

The  resignations  of  the  following  from  Active  Membership, 
which  had  accumulated  during  the  year,  were  accepted  :  Messrs. 
T.  E.  Collins,  H.  S.  Drinker,  J.  D.  Estabrook,  W.  P.  Gerhard, 
F.  W.  Gordon,  H.  Hoopes,  W.  N.  Howell,  J.  R.  McClure,  Jos. 
Mercer,  I.  W.  Morris,  G.  B.  Price,  C.  A.  Rutter,  G.  C.  Thomas, 
A.  M.  White  and  E.  A.  Wilson. 

Mr.  Henry  R.  Cornelius  read  a  paper  relating  to  the  two  large 
Centrifugal  Pumps  at  Mare  Island  Navy  Yard,  California. 

On  account  of  the  lateness  of  the  hour,  the  other  papers  an- 
nounced for  the  evening  were  deferred  till  next  meeting. 

January  22d,  1887. — Regular  Meeting. — President  T.  M.  Clee- 
mann in  the  chair ;  25  members  and  1  visitor  present. 

The  Secretary  presented,  for  Mr.  Conway  B.  Hunt,  a  paper  on 
Hydraulic  Dredging  Machinery. 

The  Secretary  presented,  for  Mr.  W.  E.  Hall,  a  paper  on  Con- 
trolling Expansion  in  Locomotives. 

Mr.  E.  S.  Hutchinson  described  the  Anderson  Process  of  Water 
Purification  on  a  Large  Scale. 
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The  Secretary  had  announced,  in  the  notices  for  this  meeting, 
that  he  had  received  from  the  New  York  Chamber  of  Commerce 
a  few  pamphlets  upon  the  Harbor  of  New  York,  with  circulars 
inviting  discussion  of  the  proposed  government  work  on  the 
Harbor,  and  that  they  would  be  mailed,  on  application,  to  such 
members  as  are  specially  interested  in  river  and  harbor  improve- 
ments, or  desire  to  examine  the  documents  with  a  view  to  pos- 
sible discussion  of  the  special  questions  involved  in  New  York 
Harbor. 

In  compliance  with  the  request  embodied  in  the  circular,  Prof. 
L.  M.  Haupt  entered  upon  a  discussion  of  the  subject. 

Prof.  Haupt  also  submitted  results  of  tests  of  the  Tensile 
Strength  of  Canvas,  for  the  Reference  Book. 

Februaky  5th,  1887. — Regular  Meeting. — President  T.  M. 
Cleemann  in  the  chair ;  26  members  present. 

The  Secretary  presented,  for  Mr.  Morris  P.  Janney,  a  note  upon 
the  Differential  Gauge  as  Used  at  Blast  Furnaces. 

At  the  instance,  also,  of  Mr.  Janney,  attention  was  called  to 
the  recent  discussion  of  the  Eflfect  of  Saccharine  Matter  on 
Mortars. 

Prof.  L.  M.  Haupt  noted  the  Increased  Weight  of  Locomotive 
Engines,  as  Affecting  the  Strains  on  Railway  Bridges. 

Prof.  Haupt  also  referred  to  two  recent  legislative  matters  of 
interest  to  engineers ;  the  Wheeler  bill  for  the  examination  of 
the  earth's  crust,  and  progress  in  the  matter  of  rapid  transit  for 
Philadelphia. 

February  19th,  1887. — Regular  Meeting. — President  T.  M. 
Cleemann  in  the  chair ;  34  members  and  1  visitor  present. 

Mr.  John  Fernie,  C.  E,,  Member  Institution  of  Civil  Engineers, 
Institution  of  Mechanical  Engineers,  etc.,  of  England,  delivered 
a  most  entertaining  and  instructive  address  upon  "  The  Mechan- 
ical Genius  and  Works  of  the  Late  Sir  Joseph  Whitworth." 

March  5th,  1887. — Regular  Meeting. — President  T.  M.  Clee- 
mann in  the  chair ;  15  members  and  1  visitor  present. 

Mr.  S.  L.  Kneass  presented  an  illustrated  description  of  a  new 
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Fixed  Nozzle  Automatic  Injector  that  will  restart  itself,  if  from 
any  cause  its  supply  of  water  or  steam  be  temporarily  interrupted. 
It  is  especially  designed  for  locomotive  service,  where  its  power 
of  adapting  itself  to  varying  steam  pressures,  and  its  automatic 
action,  are  especially  desirable. 

He  closed  with  a  few  remarks  upon  the  theory  of  the  action  of 
the  injector,  and  its  efficiency. 

Mr.  R.  W.  Lesley  presented  illustrated  notes  upon  the  Manu- 
facture of  Cement  in  the  United  States  and  the  Growing  Demand 
for  High  Class  Mortars. 

The  Secretary  presented,  for  Mr.  Theo.  J.  Lewis,  a  paper  upon 
3  ins.  vs.  4  ins.  Thick  Steel  Tyres. 

Tlie  Secretary  presented,  for  Mr.  A.  P.  Broomell,  an  illustrated 
description  of  the  Large  Engines  being  built  to  drive  the  Cen- 
trifugal Pumps  for  reclaiming  the  Potomac  Flats,  Washington, 
D.  C. 

The  Secretary  also  presented,  for  Mr.  Broomell,  a  copy  of  an 
Ice  Machine,  which  he  had  designed  with  a  view  of  overcoming 
some  of  the  objectionable  features  in  previous  machines. 

March  19th,  1887. — Regular  Meeting. — President  T.  M.  Clee- 
mann  in  the  chair;  32  members  and  3  visitors  present. 

The  Secretary  presented,  for  Mr.  Wilfred  Lewis,  a  note  upon 
Phosphor-Bronze  Wire  for  Helical  Springs. 

Mr.  John  L.  Gill,  Jr.,  presented  a  note  on  Screw  Threads. 

Mr.  H.  H.  Sintzenich,  introduced  by  Mr.  Henry  G.  Morris,  ex- 
hibited and  described  a  Rail  Chair. 

The  Secretary  presented,  for  Mr.  F.  H.  Lewis,  a  paper  upon  the 
Clapp-Griffiths  Steel  for  Structural  Work. 

Mr.  Percival  Roberts,  Jr.,  followed  with  some  discussion  of  the 
paper,  questioning  that  any  advance  in  steel  manufacture  could 
be  claimed  for  this  process. 

The  Secretary  presented,  for  Mr.  Emile  Low,  a  paper  upon 
Maps  for  Railroad  Surveys. 

April  2d,  1887. — Business  Meeting. — President  T.  M.  Clee- 
mann  in  the  chair ;  32  members  and  5  visitors  present. 

The  Tellers  of  Election,  Prof.  Arthur  Beardsley  and  Mr.  Thos. 

VOL.  VI.— 18, 
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H.  Graham,  reported  that  91  votes  had  been  cast,  and  that  the 
following  were  elected  Active  Members  of  the  Club:  Messrs. 
Conway  H.  Day,  Lino  F.  Rondinella,  Henry  S.  Prichard,  Eugene 
A.  Rhoads,  A.  Wells  Robinson,  George  N.  Bell,  Joseph  Powell,  Jr., 
and  GriflSth  W.  Jones. 

The  Secretary  presented,  for  Mr.  Theo.  Low,  Notes  on  Railroad 
Construction. 

Mr.  F.  W.  Whiting,  introduced  by  Mr.  L.  C.  Madeira,  Jr., 
presented  a  paper  upon  the  Prevention  of  the  Spreading  of  Fires, 
treating  especially  of  the  relation  of  the  proper  and  scientific 
design  and  construction  of  buildings  to  their  safety  from  entire 
destruction  in  case  of  the  starting  of  a  fire  within  them. 

Mr.  Francis  Lightfoot,  introduced  by  Mr.  J.  Kay  Little,  ex- 
hibited and  described  a  Stamp  Splice,  Tongue  and  Groove  Rail 
Joint. 

Mr.  Max  Livingston  presented  a  paper  on  Petroleum. 

The  Secretary  presented  a  communication  from  Mr.  Gratz 
Mordecai,  suggesting  an  active  interest  on  the  part  of  the  Club 
in  local  engineering  matters  and  public  work.  It  was  referred 
to  the  Board  of  Directors. 

The  resignations  from  Active  Membership  of  Captain  J.  C. 
Mallery  and  Mr.  P.  A.  Taylor  were  read  and  accepted. 

April  16th,  1887. — Regular  Meeting. — President  T.  M.  Clee- 
mann  in  the  chair ;   24  members  present. 

The  Secretary  presented,  for  Mr.  Edwirl  Ludlow,  Notes  on  the 
Preparation  of  Anthracite  Coal. 

Mr.  J.  E.  Codman  presented  a  description  of  a  Perpetual 
Motion  Machine,  which  had  been  offered  by  a  western  corre- 
spondent of  the  Philadelphia  Water  Department,  as  a  means  of 
supplying  Philadelphia  with  water  at  an  annual  running  expense 
of  five  dollars. 

May  7th,  1887. — Regular  Meeting. — President  T.  M.  Cleemann 
in  the  chair;  19  members  present. 

The  Secretary  presented  an  illustrated  paper  by  Mr.  Lewis  N. 
Lukens  upon  Some  Remarkable  Breaks  in  a  Reservoir. 

Capt.  S.  C.  McCorkle  exhibited  a  map  of  the  Rivers  in  the 
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vicinity  of  New  York,  made  for  commercial  purposes,  and  re- 
ferred to  the  proposed  preparation  of  a  similar  map  of  the 
Rivers  in  the  vicinity  of  Philadelphia,  requesting  the  discussion 
of  the  subject  by  the  Club. 

It  was  suggested  that  the  Schuylkill  River  above  Fairmount 
Dam  be  included  in  the  survey  and  plan,  as  a  great  convenience 
to  some  1,500  members  of  the  Philadelphia  rowing  fraternity, 
but  Capt.  McCorkle  stated  that  the  government  work  could  not 
be  extended  above  tide  water. 

It  was  also  suggested  that  it  would  make  the  map  more 
generally  useful  if  the  streets  and  other  topography  were  extended 
across  the  city  or  farther  inland,  instead  of,  as  in  the  New  York 
map,  only  showing  the  wharves,  piers  and  other  water  front  lines. 

The  discussion  was  adjourned  and  its  further  continuance  in- 
vited. 

May  21st,  1887. — Regular  Meeting. — PresidentT.  M.  Cleemann 
in  the  chair ;  33  members  and  4  visitors  present. 

There  was  some  further  discussion  of  the  form  and  arrange- 
ment of  the  proposed  U.  S.  C.  and  G.  Survey  Map  of  the  Delaware 
and  Schuylkill  Rivers  near  Philadelphia.  The  consideration  of 
a  resolution  expressing  the  views  of  the  Club  was  deferred  till  the 
next  business  meeting. 

The  Secretary  presented  two  communications  from  Capt.  S.  C. 
McCorkle,  embodying  data  on  the  Retardation  of  the  Tide  in  the 
Vicinity  of  Philadelphia,  etc. 

The  Secretary  presented,  for  Mr.  W.  L.  Hoyt,  a  Multiplication 
Table,  from  1  to  25,  for  the  Reference  Book. 

Mr.  John  L.  Gill,  Jr.,  presented  an  illustrated  discussion  as  to 
Whether  the  Custom  of  Upsetting  the  Ends  of  Bridge  Rods 
should  be  Abandoned. 

Mr.  Arthur  Marichal  read  an  illustrated  paper  on  the  Con- 
struction of  Reservoir  Walls. 

Some  discussion  followed  by  Messrs.  J.  E.  Codman,  Frederic 
Graff  and  Howard  Murphy. 

Mr.  J.  E.  Codman  presented  a  Diagram  for  the  Regulation  of 
Dimensions,  etc.,  of  Cast-iron  Flange  Pipes. 

Mr.  Edward  Hurst  Brown  described  a  test  he  had  witnessed  of 
Fire-Resisting  Paint. 
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Mr.  R.  Meade  Bache  exhibited  a  Safety  Self-Extinguishing 
Car  Stove, 

June  4th,  1887. — Regular  Meeting. — President  T.  M.  Cleemann 
in  the  chair ;  18  members  and  1  visitor  present. 

Owing  to  the  unexpected  absence  of  the  author,  the  paper  of 
the  evening  had  to  be  deferred. 

The  evening  was,  however,  profitably  spent  in  a  general  dis- 
cussion of  the  proportions  and  strengths  of  certain  structures 
which  can  hardly  be  calculated  with  mathematical  precision, 
such  as  floors  built  up  of  separate  layers  of  boards,  ribbed  and 
perforated  cast-iron  chamber  and  manhole  covers,  balloon  frame 
buildings,  etc.    Some  interesting  illustrations  were  presented. 

June  18th,  1887. — Business  Meeting. — President  T.  M.  Clee- 
mann in  the  chair;  11  membiers  present. 

The  Tellers  of  Election,  Messrs.  J.  E.  Codman  and  Arthur 
Marichal,  reported  that  112  votes  had  been  cast,  and  that  the 
following  were  elected.  Active  Members:  Messrs.  W.  H.  Frances^ 
P.  Doyle,  John  C.  des  Granges  and  Francis  W.  Whiting.  Associate 
Members :  Messrs.  Robert  ]5f eilson  and  Horace  B.  Powell. 

The  resignation  from  Active  Membership  of  Mr.  S.  N.  Stewart 
was  read  and  accepted. 

The  Secretary  offered  the  following  resolution,  which  was 
unanimously  adopted : 

Whereas,  The  Club  has  examined  United  States  Coast  and 
Geodetic  Survey  Chart,  No.  369*,  of  the  Hudson  and  East  Rivers^ 
in  the  vicinity  of  New  York,  scale  -nriinr*  with  a  view  of  con- 
sidering the  value  of  a  proposed  similar  chart  of  the  Delaware 
and  Schuylkill  Rivers,  near  Philadelphia ; 

Resolved,  That  the  Club  is  highly  pleased  with  this  form, 
arrangement  and  scale,  and  have  no  amendments  or  changes  to 
suggest,  and  believe  that  such  a  chart  of  the  Philadelphia  rivers 
would  be  of  great  value  to  the  profession  and  the  public. 

Mr.  John  L.  Gill,  Jr.,  presented  a  description  of  a  New  System 
of  Screw  Threads  which  he  had  arranged,  and  asked  that  a 
Committee  be  appointed  to  examine  and  report  upon  the  same. 
The   President  appointed    the  following    Committee:     Messrs. 
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Henry  G.  Morris,  Chairman^  John  T.  Boyd,  Prof.  L.  M.  Haupt, 
Washington  Jones  and  M.  R.  Muckle,  Jr. 

The  Secretary  presented,  for  Mr.  E.  L.  Corthell,  an  illustrated 
account  of  A  Venetian  Ship  Railway. 

The  Secretary  presented,  for  Mr.  C.  H.  Middleton,  Jr.,  an 
interesting  letter  descriptive  of  Camp  Life  on  the  Union  Pacific 
Railway  Surveys. 

Mr.  S.  P.  Mitchell  presented  an  illustrated  description  of  the 
Susquehanna  River  Bridge  of  the  B.  &  O.  R.  R. 

The  Secretary  presented,  for  Mr.  R.  Meade  Bache,  an  illustrated 
■description  of  a  Boat  Telemeter. 

On  motion,  the  Club  adjourned  till  the  first  Saturday  in 
October. 

October  1st,  1887. — Regular  Meeting. — Past-President  Wash- 
ington Jones  in  the  chair ;  30  members  and  4  visitors  present. 

Mr.  J.  M.  Cameron,  introduced  by  Mr.  Henry  G.  Morris,  de- 
scribed the  Carnell  Air  Injector. 

Mr.  Henry  G.  Morris  exhibited  and  described  a  working  model 
of  a  Traveler  to  Carry  Wires,  Ropes,  etc.,  through  Conduits. 

Prof.  L.  M.  Haupt  made  some  remarks  upon  his  experiments 
with  Current  Deflectors  at  Five-Mile  Bar. 

The  Secretary  announced  the  death,  since  our  summer  ad- 
journment, of  Mr.  Frank  Maddock,  Active  Member  of  the  Club. 

October  15th,  1887. — Regular  Meeting. — Past-President  Fred- 
-eric  Graff  in  the  chair ;  20  members  and  1  visitor  present. 

Mr.  A.  Marichal  presented  a  description  of  the  Gileppe  Dam, 
Belgium,  illustrated  by  photograph  and  drawings. 

Mr.  A.  Saunders  Morris  presented  notes  upon  Connections 
for  Secondary  Batteries. 

Arrangements  for  connecting  the  elements  of  storage  batteries 
have  given  some  trouble,  principally  on  account  of  oxidation. 
The  best  form  of  connection  is  one  in  which  the  joint  is  removed 
as  far  as  possible  from  the  acid,  and  which  can  be  readily  de- 
tached for  the  purpose  of  removing  the  element. 

Several  forms  of  binding  posts  or  connections  were  exhibited, 
made  of  tough  lead  alloy.     Both  male  and  female  threads  are 
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cast  so  that  the  castings  are  turned  out  of  the  moulds,  completely 
finished,  at  the  rate  of  one  per  minute.  The  mould  for  casting 
the  screws  was  also  exhibited. 

The  Secretary  presented,  for  Mr.  W.  H.  Nauman,  a  description 
of  Tests  for  Riveted  Joints,  made  at  Watertown  Arsenal,  Massa- 
chusetts, for  the  Bureau  of  Steam  Engineering,  September,  1886, 
accompanied  by  very  complete  drawings  and  tables. 

Mr.  Henry  Roeske,  of  Philadelphia,  introduced  by  the  Secre- 
tary, presented  an  illustrated  description  of  a  system  of  Water 
Filtration. 

November  5th,  1887. — Business  Meeting. — President  T.  M. 
Cleemann  in  the  chair;  17  members  present. 

The  Tellers  of  Election,  Messrs.  A.  J.  Fuller  and  A.  Marichal, 
reported  that  114  votes  had  been  cast,  and  that  the  following 
were  elected  Active  Members  of  the  Club:  Messrs.  Henry  I.Snell, 
Henry  B.  Seaman,  Frank  Cooper,  Arthur  H.  Wood,  Erwin 
Graves,  I.  H.  Wainwright  and  Fred.  J.  Amweg. 

The  Secretary  called  attention  to  the  fact  that  the  17th  of 
December  of  this  year  would  be  the  tenth  anniversary  of  the 
organization  of  the  Club,  and  recommended  that  it  be  observed 
by  the  holding  of  a  reception  in  the  Club  House  on  that  evening. 
After  some  discussion  the  following  resolution,  offered  by  Mr. 
John  T.  Boyd,  was  unanimously  adopted : 

Resolved,  That  a  Committee,  with  power  to  act,  be  appointed  to 
take  charge  of  a  Decennial  Anniversary  Reception,  to  be  held  in 
Club  House  on  December  17th,  1887,  at  8  o'clock  p.m.  ;  said  Com- 
mittee to  consist  of  as  many  members  as  Chair  may  decide,  who 
shall  issue  cards  of  invitation,  given  on  request  of  members,  the 
latter  to  be  entitled  to  invite  not  exceeding  three  members  of  the 
engineering  or  architectural  professions,  all  members  being  re- 
quested to  subscribe  two  dollars  by  notice  sent  by  the  Secretary; 
and  that  such  other  invitations  may  be  issued  as  the  Committee 
shall  deem  proper  and  desirable. 

Mr.  Boyd  declined,  on  account  of  pressure  of  business,  to  serve 
on  the  Committee,  which  the  President  appointed  as  follows: 
Messrs.  Percival  Roberts,  Jr.,  Chah^man,  E.  V.  dTnvilliers,  Prot 
L.  M.  Haupt,  C.  G.  Darrach  and  Frederic  Graff. 
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Mr,  C.  G.  Darrach  presented  a  paper  upon  Boiler  Specifica- 
tions, which  was  discussed  at  length  by  Messrs.  John  T.  Boyd, 
Chas.  T.  Thompson,  A.  Marichal,  J.  E.  Codman  and  others.  At 
a  late  hour  Mr.  Codman  moved  that  the  discussion  be  continued, 
and  that  such  copies  of  the  specifications  as  the  author  could 
supply  be  sent  to  such  members  as  would  probably  take  part  in 
the  discussion,  which  was  adopted. 

November  19th,  1887. — Regular  Meeting. — President  T.  M. 
Cleemann  in  the  chair ;  35  members  and  1  visitor  present. 

The  Secretary  presented,  for  Mr.  W.  H.  Nauman,  a  paper  upon 
the  Calorimetric  Investigation  of  the  Performance  of  a  Com- 
pound Engine,  embodying  considerable  tabular  data. 

Mr.  J.  E.  Codman  presented  a  description,  illustrated  by  speci- 
mens, etc.,  of  Cement  Tests,  showing  the  effect  the  shapes  of 
specimens  had  upon  the  results. 

There  was  some  discussion  by  Mr.  A.  Marichal. 

The  Secretary  presented,  for  Mr.  C.  H.  Haswell,  a  specimen  of 
Cement. 

The  discussion  of  Mr.  C.  G.  Darrach's  paper  upon  Boiler  Speci- 
fications was  continued  by  Messrs.  J.  T.  Boyd,  O.  C.  Wolf, 
P.  Roberts,  Jr.,  A.  Marichal  and  the  Secretary.  The  Secretary 
presented  a  communication  thereon  from  Mr.  G.  R.  Henderson. 

December  3d,  1887. — Business  Meeting. — President  T.  M. 
Cleemann  in  the  chair  ;  38  members  and  1  visitor  present. 

OflBcers  to  serve  during  1888  were  nominated. 

Mr.  Percy  T.  Osborne  presented  an  illustrated  paper  on  the 
Palmetto  Railroad,  the  connecting  link  in  a  new  through  line 
to  the  South. 

Mr,  R.  B.  Osborne  presented  an  illustrated  paper  upon  the 
Unaccountable  Deficiency  in  the  Track  of  American  Railways. 

Considerable  informal  discussion  followed. 

The  Secretary  presented  to  the  Library,  on  behalf  of  Messrs. 
R.  B.  &  P.  T.  Osborne,  Active  Members  of  the  Club,  a  handsome 
copy  of  Williams'  copper  plate  mounted  Map  of  the  United 
States,  Canada,  Mexico,  Central  America,  West  Indies,  etc., 
which  was  received  with  a  vote  of  thanks. 
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December  17th,  1887. — Decennial  Reception. — Both  members 
and  guests  seem  to  have  been  much  pleased  with  this  little  enter- 
tainment. It  is  almost  impossible  to  exactly  determine  the 
number  present,  but  it  looks  very  much  like  three  hundred  and 
forty-two.  We  were  not,  however,  overcrowded,  and,  judging 
from  the  fragments  that  remained,  everybody  had  enough  to 
eat, and  smoke.  There  was  no  speech-making  or  any  at- 
tempt to  introduce  any  feature  which  might  have  deprived  the 
affair  of  an  entirely  informal  and  purely  sociable  character.  It 
is  believed  that  this  entertainment  will  be  of  substantial  and 
permanent  benefit  to  the  Club. 

January  14th,  1888. — Tenth  Annual  Meeting. — President 
Thomas  M.  Cleemann  in  the  chair ;  44  members  and  1  visitor 
present. 

The  Retiring  President,  Mr.  Thomas  M.  Cleemann,  delivered 
the  Annual  Address. 

The  Tellers  of  Election,  Messrs.  John  L.  Gill,  Jr.,  and  John  S. 
Muckl^,  reported  that  167  votes  had  been  cast,  and  that  the  follow- 
ing had  been  elected  members  of  the  Club.  Active :  Messrs.  Louis 
H.  Parke,  Barton  H.  Coffey,  Agnew  T.  Dice,  Simon  C.  Long,  Jacques 
W.  Redway,  Samuel  Bell,  Jr.,  Geo.  W.  Chance,  Charles  H.  Haupt, 
George  W.  Creighton,  Jawood  Lukens,  Alan  Wood,  Jr.,  Chas. 
R.  Hall,  Robert  A.  Cummings,  T.  W.  Simpson,  Genl  W.  F. 
Smith,  Charles  Lukens,  Herbert  Bamber  and  Barnabas  H. 
Bartol.  Associate:  Messrs.  George  T.  Mills,  Michael  Clarkson 
and  A.  J.  Rudderow ;  and  that  the  following  had  been  elected : 

Officers  for  1888. 

President — Joseph  M.  Wilson. 

Vice-President — John  T.  Boyd. 

Secretary  and  Treasurer — Howard  Murphy. 

Directors — T.  M.  Cleemann,  Frederic  Graff,  Prof.  L.  M.  Haupt, 
Washington  Jones  and  Henry  G.  Morris. 

President-elect  Joseph  M.  Wilson,  in  taking  the  chair,  made 
an  appropriate  address. 

The  Secretary  and  Treasurer  presented  his  Annual  Report  for 
the  fiscal  year  1887. 
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On  motion  of  the  Secretary  and  Treasurer,  his  accounts  for 
1887  were  referred  to  the  Finance  Committee  of  the  incoming 
Board  of  Directors  for  audit. 

The  following  resignations,  which  had  accumulated  during  the 
year,  were  accepted.  From  Active  Membership :  Messrs.  Kenneth 
Allen,  Dana  C.  Barber,  T.  Benton  Brown,  R.  W.  Davenport,  J,  S. 
Elliott,  Oliver  B.  Harden,  Chas.  S.  Heller,  W.  H.  Jones,  H.  K. 
Nichols,  W.  A.  Parry,  W.  J.  Root  and  Alexander  Wurts ;  and 
from  Associate  Membership:  Messrs.  E.  V.  Douglas,  J.  H.  Schwake 
and  E.  Y.  Townsend. 

The  Secretary  presented  a  communication  from  Mr.  M.  R. 
Muckle,  Jr.,  Secretary  of  the  Local  Committee  for  the  Philadel- 
phia Meeting  of  the  American  Society  of  Mechanical  Engineers, 
thanking  the  Club  for  having  placed  its  house  at  the  disposal  of 
that  Committee. 

The  Secretary  presented  a  communication  from  Mr.  Walter 
Wood,  Chairman  of  the  Finance  Committee  of  the  Local  Enter- 
tainment Committee  of  the  American  Society  of  Mechanical 
Engineers,  transmitting  to  the  Club  $206.35,  a  portion  of  the 
unexpended  balance  in  the  hands  of  that  Committee,  which  the 
subscribers  desired  to  present  to  the  Club.  The  Secretary 
recommended  that  this  sum  be  placed  in  the  permanent  fur- 
nishing fund,  and  that  a  portion  thereof  be  appropriated  for  the 
erection  of  book  shelves  in  the  first-floor  back  room. 

The  contribution  was  received  with  a  special  vote  of  thanks, 
and  the  recommendation  of  the  Secretary  adopted. 

Mr.  A.  Marichal  read  a  paper  on  the  Plan  Formation  of 
Quaker  Bridge  Dam. 

There  was  some  discussion  by  Mr.  J.  E.  Codman,  who  defended 
the  plan  of  the  dam. 

Mr.  H.  S.  Prichard  presented  an  illustrated  description  of  a 
Graphical  Method  of  Determining  the  Deflection  of  Bridges. 

An  open  draw-bridge  is  chosen  for  illustration. 

The  usual  formula  for  calculating  the  variations  in  the  length 
of  each  member,  due  to  the  strain,  is  given.  Then,  by  means  of 
diagrams,  a  graphic  method  of  obtaining  the  deflections  from 
these  variations  in  length  is  explained,  its  application  to  the 
draw-bridge  shown,  and  suggestions  given  for  its  use  in  other 
forms  of  bridges. 
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January  21st,  1888. — Regular  Meeting. — President  Joseph  M. 
Wilson  in  the  chair ;  24  members  and  1  visitor  present 

The  Secretary  presented,  for  Mr.  C.  H.  Ott,  an  account  of  a 
Peculiar  Case  of  Transmission  of  Vibrations  and  Pulsations 
through  Structures. 

Mr.  Joseph  M.  Wilson  referred  to  the  evil  eflfects  of  continuous 
vibrations  in  structures,  and  noted,  incidentally,  a  case  in  his 
recent  practice  where  large  marble  blocks  had  been  broken  by 
the  freezing  of  water  in  the  lewis  holes ;  Mr.  Howard  Murphy 
referred  to  the  vibration  in  the  large  Scotch  stacks,  and  Mr. 
Henry  G.  Morris  noted  the  case  of  a  stack  125  ft.  high,  where  the 
vibration  was  1\  ins.  Messrs.  Seaman,  Haupt,  Cleemann,  Brown 
and  Redway  took  part  in  the  discussion. 

Prof.  L.  M.  Haupt  submitted  a  few  extracts  from  the  Report  of 
the  Chief  of  Engineers  with  reference  to  the  Theoretical  Opera- 
tion of  Submerged  Jetties,  and  made  some  comments  thereon. 

Mr.  A.  Marichal  presented  a  mathematical  discussion  of  the 
Theory  of  Curved  Dams,  for  the  Reference  Book. 

Mr.  F.  W.  Whiting  noted  a  case  in  hydraulics,  where  attempt 
had  been  made  to  bring  water  in  a  pipe  across  an  embankment^ 
which  had  been  unsuccessful  until  an  opening  was  made  at  a 
point  in  the  pipe  line,  and  a  small  pipe  extended  therefrom  to 
the  level  of  the  source. 

Mr.  Howard  Murphy  suggested  that  the  trouble  had  probably 
been  caused  because  the  hydraulic  gradient  had  not  been  con- 
sidered in  the  original  location  of  the  main  pipe. 

February  4th,  1888. — Business  Meeting. — Past-President 
L.  M.  Haupt  in  the  chair;  19  members  present. 

Prof.  L.  M.  Haupt,  of  the  Committee  representing  the  Club, 
submitted,  with  comments  and  explanations,  and  other  data, 
House  Bill  No.  4923,  "  To  regulate  certain  expenditures  in  the 
War  Department  and  for  other  purposes" — relative  to  the 
establishment  of  a  Bureau  of  Harbors  and  Waterways,  to  be 
officered  by  a  corps  to  be  known  as  the  Corps  of  U.  S.  Civil 
Engineers. 

The  Secretary  presented,  for  Mr.  Rudolph  Hering,  the  follow- 
ing preamble  and  resolution  which  had  been  passed  by  the 
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American  Society  of  Civil  Engineers,  which,  after  some  discus- 
sion, with  the  substitution  of  the  name  of  the  Club,  were  adopted : 

Whereas,  It  is  deemed  highly  desirable  by  the  Engineering 
profession  that  better  information  should  be  collected  than  is  now 
available  regarding  the  intensity  of  rainfalls  in  diflferent  sections 
of  the  United  States,  particularly  with  reference  to  the  practical 
questions  involved  in  the  construction  of  works  for  water  supply 
and  sewerage,  and 

Whereas,  It  is  entirely  feasible  for  the  Signal  Service  Bureau 
to  obtain  such  information  without  increase  of  force,  but  simply 
by  the  erection  of  automatic,  self-registering  rain  gauges  in 
addition  to  those  now  employed ;  therefore 

Be  it  Resolved,  That  the  Engineers'  Club  of  Philadelphia 
respectfully  urges  upon  Congress  the  desirability  of  inserting  in 
the  next  annual  appropriation  bill  for  the  Signal  Service  Bureau 
an  item  sufficient  to  cover  the  expense  of  placing  automatic  rain 
gauges  at  all  principal  stations,  as  the  Chief  Signal  Officer  may 
direct. 

Mr.  A.  Marichal  read  a  paper  on  Rainfall. 

A  series  of  resolutions  relative  to  the  publication  of  papers 
were  presented  by  Mr.  J.  E.  Codman  and  others;  a  letter  offering 
amendment  to  the  same  was  presented  from  Mr.  Charles  G. 
Darrach ;  there  was  a  lengthy  discussion  and  many  suggestions 
were  offered.  The  Secretary  pointed  out  some  of  the  practical 
difficulties  in  the  way  of  accomplishing  the  most  desirable  results, 
and  moved  that  the  whole  subject  be  referred  to  the  Publication 
Committee  that  it  might  be  formulated  and  discussion  invited, 
which  was  so  ordered. 

Mr.  A.  Ely  and  others  offered  a  resolution  to  the  effect  that  the 
Club  approve  and  adopt  the  24-hour  system  of  time  notation. 
On  motion,  consideration  thereof  was  postponed  until  the  next 
business  meeting. 

The  resignations  from  Active  Membership  of  Messrs.  Samuel 
Jamison,  Henry  W.  Loss  and  Robert  Wetherilll  were  acce[)ted. 

On  motion  of  Mr.  H.  C.  Liiders  it  was  ordered  that  hereafter 
no  new  paper  shall  be  presented  at  Regular  Meetings  after  10 
o'clock  P.M.,  unless  ordered  by  vote  of  the  meeting. 
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Of  the  Board  of  Directors. 

Continued  from  Vol.  V,  No.  4,  page  364. 

December  18th,  1886. — President  Washington  Jones  in  the 
chair. 

Messrs.  John  S.  Muckl^  and  Wilfred  Lewis  were  appointed 
Tellers,  and  Chas.  T.  Thompson  and  Strickland  L.  Kneass,  Alter- 
nates, to  conduct  the  next  Annual  Election. 

A  request  was  presented,  from  Dr.  Harrison  Allen,  that  the 
American  Society  of  Naturalists  be  accorded  the  privilege  of  the 
use  of  our  rooms  for  their  coming  meeting  (December  28th,  29th 
and  30th,  1886).    The  request  was  granted. 

Permission  was  given  to  Mr.  Frederic  Graff  to  allow  a  friend 
of  his  to  take  a  photograph  of  the  view  of  the  Wernwag  Bridge 
in  possession  of  the  Club. 

January  22d,  1887. — President  T.  M.  Cleemann  in  the  chair. 

The  President  announced  the  following  Standing  Committees 
for  1887 : 

Finance — Messrs.  Frederic  Graff  and  Washington  Jones. 

Membership — Messrs.  M.  R.  Muckl6,  Jr.,  and  John  T.  Boyd. 

Publication — Messrs.  C.  W.  Buchholz  and  Jos.  M.  Wilson. 

Library — Messrs.  Washington  Jones  and  M.  R.  Muckle,  Jr. 

House — Messrs.  John  T.  Boyd  and  C.  W.  Buchholz. 

The  Secretary  reported  that  he  had  been  successful  in  recover- 
ing at  law  an  amount  due  the  Club. 

At  the  suggestion  of  the  Secretary,  President  Cleemann  was 
requested  to  sit  for  his  phototype  portrait  for  insertion  in  our 
Proceedings. 

February  19th,  1887. — President  T.  M.  Cleemann  in  the  chair. 

The  Secretary  informed  the  Board  that  the  Corresponding 
Members  on  the  roll  had  failed  to  comply  with  Art.  VI,  Sect.  5 
of  the  By-Laws,  and  recommended  that  they  be  accordingly 
dropped  from  the  roll,  which  recommendation  was  unanimously 
adopted. 

March  19th,  1887. — President  T.  M.  Cleemann  in  the  chair. 
Routine  Business. 
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April  2d,  1887. — President  T.  M.  Cleemann  in  the  chair. 

The  Secretary  stated  that  our  circulation  of  the  Proceedings,  in 
other  channels,  had  so  increased  as  to  compel  us  to  limit  the 
number  of  author's  free  copies.  It  was  ordered  that  the  number 
of  free  copies  hereafter  given  to  authors  should  be  governed  by 
circumstances,  according  to  the  discretion  of  the  Secretary. 

April  16th,  1887. — President  T.  M.  Cleemann  in  the  chair. 

The  Secretary  presented  a  communication  from  Mr.  Gratz 
Mordecai,  Active  Member  of  the  Club,  which  had  been  referred 
to  the  Board  by  Business  Meeting  of  April  2d,  1887.  The 
object  of  the  communication  was  to  urge  an  active  participation 
of  the  Club  in  matters  of  local  and  general  public  engineering 
work,  by  the  establishment  of  Committees  to  examine,  report 
upon  and  foster  public  discussion  of  such  matters. 

After  some  discussion  it  was  advised  by  unanimous  vote,  that 
Mr.  Mordecai  be  informed  that  the  views  of  the  Board  are  that 
members  could  not  be  induced  to  give  the  time  required  for  so 
great  a  work,  and  could  not  be  expected  to  give  professional 
opinions  and  furnish  professional  information  without  proper 
compensation. 

May  21st,  1887. — President  T.  M.  Cleemann  in  the  chair. 

The  Secretary  presented  a  further  communication  from  Mr. 
Gratz  Mordecai  to  the  President,  relating  to  the  active  participa- 
tion of  the  Club  in  matters  relating  to  public  engineering  work. 
It  was,  on  motion,  laid  on  the  table. 

The  Secretary  presented  a  communication  from  Prof.  L.  M. 
Haupt,  stating  that  he  had  resigned  from  the  Executive  Board  of 
the  Council  of  Engineering  Societies  on  National  Public  Works, 
and  asking  that  the  Club  be  represented  by  some  other  member. 
He  also  referred  to  the  question  of  an  appropriation  by  the  Club, 
to  meet  their  share  of  the  expenses  of  the  Board.  The  opinion 
seemed  to  prevail  that  a  new  member  could  hardly  take  up  at 
this  time  the  unfinished  work  of  Prof.  Haupt,  and,  on  motion, 
the  communication  was  laid  on  the  table. 

The  Secretary  recommended  the  placing  of  insurance  upon  the 
personal  property  of  the  Club,  and  was  authorized  to  do  so  to  the 
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extent  of  a  valuation  of  $3,000,  until  the  expiration  of  our  present 
lease. 

June  4th,  1887. — President  T.  M.  Cleemann  in  the  chair. 

The  Secretary  stated  that,  in  placing  the  insurance  upon  our 
personal  property,  he  had  found  that  he  could  secure  more  favor- 
able terms  by  taking  a  five  years'  policy,  rather  than  a  policy  to 
the  expiration  of  our  present  lease,  and  that  said  five-year  policy 
could  be  transferred  in  the  event  of  our  removal,  and  he  had, 
therefore,  taken  out  the  five-year  policy.  His  action  was  ap- 
proved by  the  Board. 

Mr.  Boyd  suggested  some  form  of  notice  to  members  as  to  the 
removal  of  property  from  the  Club  House.  After  some  discus- 
sion the  Secretary  recommended  the  printing  in  suitable  type 
and  posting  of  Article  XI  of  the  By-Laws,  relating  to  this  sub- 
ject, which  recommendation  was  adopted. 

Prof.  L.  M.  Haupt,  by  invitation,  presented  an  account  of  the  work 
of  the  Executive  Board  of  the  Council  of  Engineering  Societies  on 
National  Public  Works,  and  of  the  situation  of  that  Board  with 
reference  to  expenses.  No  pro  rata  assessment  had  been  made 
on  the  Clubs  represented  therein.  Prof.  Haupt  had  forwarded 
the  data  he  had  accumulated  to  that  Board,  with  his  resignation, 
which  he  desired  also  to  present  to  this  Club,  on  account  of  his 
recent  sad  bereavements. 

The  resignation  of  Prof.  Haupt  was  accepted  with  regret,  and 
the  Secretary  directed  to  request  Mr.  E.  L.  Corthell  to  act  in  his 
place,  with  Mr.  Rudolph  Hering  as  alternate,  the  two  lattet 
gentlemen  being  the  remainder  of  the  Committee  representing 
this  Club. 

As  to  the  expenses,  the  Secretary  recommended  that  $100  be 
contributed  by  this  Club  voluntarily,  to  be  taken,  at  present, 
from  Club  funds,  and,  should  it  be  found  necessary,  replaced  by 
private  subscription  at  close  of  year,  which  recommendation  was 
adopted. 

June  18th,  1887. — President  T.  M.  Cleemann  in  the  chair. 
Routine  business. 

Note. — Between  meetings  the  Board  approved,  by  letter,  of 
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extending  the  use  of  our  rooms  to  the  Local  Committee  of  the 
American  Society  of  Mechanical  Engineers. 

January  14th,  1888. — President  T.  M.  Cleemann  in  the  chair. 

The  vouchers  for  the  fiscal  year,  1887,  Nos.  1  to  52,  both  in- 
clusive, all  of  which  had  been  approved  by  the  Finance  Commit- 
tee, were  presented  by  the  Secretary  and  Treasurer,  and  were  ap- 
proved by  the  Board. 

The  Board  of  Directors  for  1887  then  adjourned  sine  die. 

January  21st,  1888. — President  Jos.  M.  Wilson  in  the  chair. 

The  Secretary  suggested  that  President  Jos.  M.  Wilson  be  re- 
quested to  sit  for  his  phototype  portrait  for  insertion  in  the  Pro- 
ceedings.   Adopted. 

The  Secretary  suggested  the  insertion  in  the  Proceedings  of  a 
phototype  portrait  of  the  late  Thomas  U.  Walter,  Honorary 
Member  of  the  Club.     Adopted. 

The  Secretary  suggested  that  the  preparation  of  suitable  text 
to  accompany  Mr.  Walter's  portrait  be  referred  to  the  Publication 
Committee,  with  power  to  act.     Adopted. 

The  Secretary  reported  that  a  balance  of  ^IIG.^^  on  Furnish- 
ing Account  would  be  available  for  the  erection  of  shelving  for 
the  library.     Referred  to  the  Library  Committee. 

February  18th,  1888. — Mr.  Henry  G.  Morris  in  the  chair. 
Routine  business. 


BOOK  NOTICES. 

A  Method  of  Calculating  the  Cubic  Contents  of  Excava- 
tions AND  Embankments,  by  the  aid  of  Diagrams.  To- 
gether with  Directions  for  Estimating  the  Cost  of 
Earthwork.  By  John  C.Trautwine,  Civil  Engineer.  Ninth 
Edition,  revised  and  enlarged  by  John  C.  Trautwine,  Jr., 
C.  E.    New  York :  John  Wiley  &  Sons,  1887. 

At  last  we  have  to  record  the  appearance  of  a  new  edition  of 
Trautwine's  "Excavations   and  Embankments,"  the  first  since 
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1883.  Its  production  has  been  delayed  by  the  work  of  revision 
of  "  The  Civil  Engineer's  Pocket-Book,"  of  which  we  have  received 
three  editions  during  the  same  time. 

"  Excavations  "  has  been  thoroughly  revised.  The  principal 
feature  is,  as  heretofore,  the  author's  graphic  method  of  reducing 
sloping  sections  to  equivalent  level  ones;  and  the  tables  and 
copper-plate  diagrams  given  for  this  purpose  occupy  a  considera- 
ble part  of  the  volume. 

The  rules  for  estimating  the  cost  of  earthwork  have  been  sup- 
plemented by  remarks  upon  the  cost,  etc.,  of  operation  of  the 
modern  wheeled  and  drag  scrapers  and  steam  excavators,  taken 
from  late  editions  of  "  The  Pocket-Book." 

The  book  is  very  neatly  bound.  It  contrasts  strongly  with 
earlier  editions  in  this  respect. 

We  note  that  Trau twine's  Cross-section  Diagram  has  also  under- 
gone improvement,  and  is  now  published  by  the  Messrs.  Wiley. 

Trautwine's  Civil  Engineer's  Pocket-Book.  Twelfth  edition, 
Twenty-eighth  thousand,  1887.  New  York:  John  Wiley 
&  Sons. 

The  principal  changes  in  the  last  two  editions  of  this  work 
are,  perhaps,  the  presentation  of  a  proposed  uniform  loading 
in  the  determination  of  the  stresses  in  members  of  trusses,  a 
change  proposed  by  Mr.  G.  H.  Pegram  within  a  year  or  so,  and 
which  has  met  with  almost,  if  not  quite,  unanimous  approval 
from  bridge  engineers,  and  a  remodeling  of  the  formula  for 
finding  approximately  the  weights  of  truss  bridges.  The  formulae 
for  thicknesses  of  cylinders  under  internal  pressure,  and  the  table 
of  foreign  coins,  have  been  entirely  revised,  and  the  table  of  the 
co-efficient  **  c,"  by  Kutter's  formula,  has  been  greatly  extended. 
We  note  a  large  number  of  minor  changes,  not  the  least  impor- 
tant or  least  welcome  being  the  substitution  of  the  larger  for  the 
smaller  type  to  the  extent  of  about  thirty  pages. 
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XXX. 


MAPS  FOR  RAILROAD  SURVEYS. 

By  Ehile  Low,  Active  Member  of  the  Club. 
Read  March  19th,  1887. 

The  preliminary  and  location  lines  of  a  railroad  survey  are 
usually  plotted  on  a  continuous  roll  of  drawing  paper,  the  length 
of  the  latter  depending  on  the  scale  used  and  the  length  of  the 
line  run. 

I  think  the  less  frequently  used  method  of  plotting  the  liijes  on 
separate  sheets  possesses  many  advantages  over  the  continuous 
roll  one. 

For  this  purpose  I  advise  the  use  of  sheets  measuring  19  by  24 
inches,  this  size  being  technically  known  as  royal.  As  to  the 
kind  of  paper  best  adapted  for  the  purpose,  I  find  that  paper  bear- 
ing the  imprint  "  Weston's  Linen  Record  "  gives  excellent  results. 
This  paper  has  a  smooth  finish  and  can  be  readily  obtained  of 
the  size  mentioned  above. 

For  plotting  I  prefer  the  scale  of  200  feet  to  one  inch,  and 
according  to  which  each  sheet  will  thus  contain  about  one  mile, 
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counting  the  long  way  of  the  sheet,  so  that  the  number  of  sheets 
will  correspond  very  closely  with  the  length  of  the  survey  ex- 
pressed in  miles,  excepting  cases  where  the  surveyed  line  is  very 
crooked  and  devious. 

In  plotting  the  line  it  is  not  necessary  to  place  on  the  dra^idng 
table  the  whole  number  of  sheets  required ;  three  or  four  will  be 
a  suflScient  number  at  a  time.  They  should  be  placed  in  a  row, 
the  top  and  bottom  of  the  sheets  being  even,  and  at  the  same  time 
letting  the  edges  overlap  one-half  inch.  After  the  sheets  are 
placed  dow^n  and  securely  fastened  with  thumb  tacks,  connect 
them  at  their  overlapping  edges  by  means  of  crosses  drawn  with 
red  ink ;  this  for  the  purpose  of  noting  any  change  in  their  posi- 
tion while  working  on  them,  and  also  that  the  sheets  may  be 
Accurately  fitted  together  again  after  they  have  been  taken  up. 

In  order  to  properly  identify  the  different  sheets,  mark  them 
-with  appropriate  numbers  placed  in  the  upper  right  hand  and 
Also  in  the  lower  left  hand  corner. 

Make  the  meridian  (north  and  south  line)  parallel  with  one  of 
the  edges  of  the  paper,  depending  on  the  direction  of  the  survey. 
When  the  line  of  the  survey  is  either  east  or  w^est,  the  meridian 
should  be  placed  parallel  with  either  the  right  or  left  hand  edge 
of  the  paper;  but  w^hen  the  direction  is  north  or  south,  then  the 
meridian  should  be  placed  parallel  with  the  top  or  bottom  of  the 
sheets.  The  two  middle  figures  of  the  inset  show  the  first  case, 
and  the  upper  figure  the  second. 

When  the  direction  of  the  survey  is  not  with  the  cardinal  points 
it  is  apparent  (with  the  meridian  placed  parallel  to  the  edges  of 
the  sheets)  that  the  plotted  line  will  cross  the  sheets  diagonally, 
and  if  they  are  placed  together  in  a  straight  line,  it  is  obvious  that 
the  line  will  run  off  the  paper  entirely.  One  way  to  obviate  this 
is  to  step  the  sheets  at  their  junctures  either  up  or  down,  as  the 
exigency  may  require,  instead  of  placing  them  side  by  side  in  a 
straight  line. 

It  is  not  to  be  advised  though  that  a  sheet  be  stepped  up  or 
down  more  than  one  half  its  width,  as  there  is  danger  firom  too 
small  a  lap  that  they  may  not  be  able  to  be  placed  together  (sub- 
eequently  after  their  taking  up)  again  in  their  exact  original 
position. 
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Another  method  would  be  to  determine  the  general  direction 
of  the  line,  and  then  placing  the  sheets  in  a  row,  plot  the  line  as 
best  suited.  When  the  variation  from  an  axis  of  the  line  to  the 
right  or  left  exceeds  the  width  of  a  sheet,  it  would,  of  course,  be 
necessary  to  place  additional  sheets  above  or  below  to  cover  the 
deficiency. 

By  this  method  the  meridian  would  not  be  parallel  to  the  edge 
of  the  paper,  and  for  this  reason  I  prefer  the  other  plan  of  placing 
the  sheets,  for  from  an  examination  of  the  sheets  an  idea  is  rapidly 
formed  of  the  direction  of  the  survey. 

The  principle  involved  is  the  same  as  the  one  by  which  large 
maps  are  drawn,  and  that  is  to  have  the  north  end  always  on  top. 
Of  course  it  is  only  possible  to  have  the  top  of  the  sheets  north 
only  when  the  line  runs  east  or  west.  When  it  runs  north  or 
south  I  would  prefer  to  have  the  east  at  the  top. 

Another  advantage  of  plotting  on  sheets  over  rolls  of  paper  is 
that  any  particular  portion  of  the  line  can  be  more  readily  ex- 
amined, and  tracings  can  also  be  more  easily  made  of  separate 
parts.  They  can  also  be  filed  away  in  drawers,  remaining  flat 
all  the  time,  and  need  not  be  rolled,  thus  keeping  their  shape 
better. 

When  a  continuous  map  is  desired,  one  can  be  made  by  using 
tracing  cloth,  the  rolling  of  which  is  not  so  objectionable  as  that 
of  heavy  drawing  paper.  These  sheets  are  also  very  useful  in  the 
field  when  running  in  on  the  ground  a  projected  or  paper  loca- 
tion. They  are  more  readily  handled  than  a  roll  map,  especially 
in  windy  weather.  For  their  proper  transportation  a  portfolio 
made  of  wood  is  very  convenient;  its  inside  dimensions  should 
be  a  little  larger  each  way  than  that  of  the  sheets.  The  wood, 
either  white  pine  or  poplar,  should  be  perfectly  seasoned,  so  as 
not  to  warp  or  crack  in  the  sun. 

The  sides  of  the  portfolio  are  made  i  inch  in  thickness,  while 
the  strip  around  the  ends  and  bottom  are  made  of  |  by  1  inch 
material.  These  pieces  fitted  together  form  an  oblong  box,  hav- 
ing an  inside  width  of  one  inch.  A  lid  made  of  tin  and  two 
inches  deep  is  used  to  cover  the  top.  A  strap  is  also  attached  to 
the  sides  for  convenience  of  carrying.  It  will  be  seen  that  the 
box  or  portfolio  answers  admirably  for  a  map  board,  and  in  it  can 
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be  carried  a  couple  of  triangles,  a  paper  protractor,  etc.  If  a  pocket 
box  of  instruments  is  also  carried  along,  these  will  be  sufficient 
drawing  paraphernalia,  to  be  used  in  the  field  as  the  occasion 
may  require,  and  this  is  of  frequent  occurrence  in  running  in  a 
paper  location. 


XXXI. 

A  GRAPHIC  METHOD  OF  DETERMINING  THE  DEFLECTON 

OF  BRIDGES. 

By  H.  S.  Pbichabd,  Active  Member  of  the  Clab. 
Bead  January  14fA,  1888. 

The  case  chosen  for  illustration  is  that  of  an  open  draw  or  swing 
bridge,  shown  in  Fig.  1. 

The  variations  in  the  length  of  each  of  the  members  are  calcu- 
lated by  the  formula  d  =  -*r-T. 

Where  P  equals  the  total  strain  on  the  member, 
L      "     its  original  length, 
A      "      "  area, 

d      "      "  elongation  or  compression, 
and  E      "     the  coefficient  of  elasticity. 
In  Fig.  1  the  variations  in  length  are  called  d,  dl,  d2,  etc.,  and 
are  indicated  on  each  member,  elongations  being  marked  plus 
and  compressions  minus. 

The  general  principles  on  which  this  method  depends  are  as 
follows: 

Let  A  B  Df  Fig.  2,  be  any  one  of  the  triangles  into  which  the 
bridge  can  be  divided,  in  its  original  position,  before  the  bridge  is 
strained. 

Let  A^  and  B^  be  the  new  positions  of  A  and  B  when  the  bridge 
is  strained,  and  H  0  and  E  F  the  variations  in  length  of  il  2>  and 
BD. 

To  find  the  new  position  of  D:  From  A^  draw  a  line  parallel 
to  A  D  and  lay  off  A^  G,  equal  to  A  D,  and  the  variation  H  <?. 
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Also  from  B^  draw  a  line  parallel  to  B  D  and  lay  off  ^  J5^  =  D  J5, 
and  the  variation  E  F.  Then  with  A^  and  B^,as  centres,  describe 
the  arcs  HD^  and  P  D/  and  their  intersection  D^  will  be  the  new 
position  of  D  after  the  bridge  is  strained. 

The  arcs  H D^  and  F  D^  are  so  small  that  perpendiculars  to 
ff  A^  and  E  B^,  erected  at  Hand  F,  will  intersect  at  practically 
the  same  point.  As  A^  0  is  equal  to  and  parallel  to  ADy  G  occu- 
pies the  same  position  with  regard  to  D  as  -4^  does  to  A. 

In  like  manner,  F  occupies  the  same  position  with  regard  to 
D  as  B^  does  to  B.  It  therefore  follows  that  if  the  variations  in 
position  of  A  and  B  be  plotted  from  a  common  point  P,  at  the 
intersection  of  the  vertical  and  horizontal  axes  y-y  and  x-x,  Fig.  3, 
the  variations  in  length  plotted  parallel  to  -4  D  and  B  D  from  A^ 
andjB^  and  perpendiculars  erected  at  -ff  and  F,  their  intersection 
D  ^  will  occupy  the  same  position  with  regard  to  P  as  D  *  does 
toD. 

To  apply  these  principles  draw  a  diagram  of  the  truss,  as 
shown  in  Fig.  1. 

Then  from  the  intersection  of  a  vertical  axis  y-y,  with  a  hori- 
zontal axis  x-x,  Fig.  4,  as  a  point  from  which  to  measure  varia- 
tions, find  in  succession  the  variations  in  position  of  L  6 —  C76 — 

L5 — U5 XO,  assuming  point  c  at  the  centre  of  the  bridge 

as  constant. 

The  scale  used  for  plotting  the  variations  should  be  several 
times  natural  size  to  insure  accuracy. 

The  deflection  of  an  ordinary  truss,  simply  supported  on  two 
abutments,  can  be  found  by  considering  the  ends  as  lifted  and 
the  centre  fixed. 

This  method  can  be  applied  to  any  form  of  truss,  single  or 
double  intersection,  and  in  the  case  of  continuous  girders  the  de- 
flections would  be  a  test  of  the  accuracy  of  strains  obtained  from 
the  formulse  in  general  use. 
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XXXII. 


A  PECULIAR  CASE  OF  TRANSMISSION  OF  VIBRATIONS 
AND  PULSATIONS  THROUGH  STRUCTURES. 

By  C.  H.  Ott,  Active  Member  of  the  Club. 
Bead  January  2l8t,  1888. 

Late  in  the  autumn  of  1883  my  attention  was  called  to  the 
rocking  and  swaying  motion  of  the  four-story  building  at  the 
northwest  corner  of  Eleventh  and  Chestnut  Streets,  in  the  Girard 
Row,  the  upper  floors  of  which  were  then  occupied  by  Our  Con- 
tinent Publishing  Co.  as  editorial  and  composing  rooms. 

At  certain  hours  of  the  day  the  motion  was  very  perceptible, 
and  was  noticed  in  the  rolling  of  water  in  vessels  and  swaying  of 
gas  fixtures,  and  could  be  plainly  felt,  so  much,  in  fact,  that  several 
of  the  employees  of  the  establishment  were  affected  by  a  sensation 
similar  to  seasickness.  On  the  rear  of  the  building  a  chimney 
had  become  so  loosened  and  shaken  by  the  pulsations  that  it 
was  necessary  to  have  it  torn  down  and  rebuilt. 

The  matter  became  so  serious  as  to  threaten  the  stability  of 
the  structure,  and  active  measures  were  taken  to  ascertain  the 
cause  and,  if  possible,  prevent  the  pulsations. 

It  was  ascertained  that  no  motion  or  vibrations  of  a  similar 
character  and  tending  to  affect  the  building  in  question  were 
noticeable  in  any  of  the  buildings  in  the  remainder  of  the  block 
fronting  on  Chestnut  Street,  between  Eleventh  and  Twelfth  Streets, 
the  occupants  of  which  were  not  even  aware  of  any  trouble. 

The  buildings  in  the  "  row  "  had  all  apparently  been  erected  in 
a  good,  workmanlike  manner,  with  suitable  foundations;  and  un- 
less there  were  unseen  defects  in  the  work,  the  theory  first 
advanced,  that  the  undulation  was  caused  by  the  passage  of  heavy 
traffic  in  the  adjacent  streets,  could  not  be  entertained. 

It  was  noted  that  the  motion  was  only  felt  during  certain  hoars 

.  of  the  day,  viz. :  between  8  a.m.  and  6  p.m.,  and  this  led  to  the 

conclusion  that  it  was  caused  by  some  heavy  piece  of  machinery 

operated  in  some  adjacent  building,  but  investigation  failed  to 

find  it. 

After  much  inquiry  and  search  it  was  discovered  that  in  the 
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rear  fourth  floor  of  the  building  at  the  northeast  corner  of 
Chestnut  and  Twelfth  Streets,  then  occupied  as  a  grocery  store, 
was  a  small  steam  engine  used  for  the  purpose  of  grinding  spices 
and  coffees. 

No  suspicion  was  at  first  attached  to  this  piece  of  machinery 
as  a  cause  of  the  trouble,  from  the  fact  of  its  being  an  engine  for 
light  duty,  small  in  size,  and  its  being  nearly  400  feet  distant 
from  the  building  affected,  and  from  the  fact  that  its  motion  could 
barely  be  felt  in  the  building  in  which  it  was  located. 

Experiments,  were  instituted,  by  starting  and  stopping  the 
engine  at  stated  intervals,  a  proceeding  which  immediately  proved 
it  to  be  the  cause  of  the  trouble. 

As  a  matter  of  convenience  the  engine  was  then  supported  by 
pillars  from  the  cellar  floor,  but  without  causing  the  desired  effect. 
Finally  it  was  lowered  to  the  cellar,  a  proceeding  which  gave 
entirely  satisfactory  results. 


A  general  discussion  of  vibrations  in  structures  followed,  par- 
ticipated in  by  a  large  number  of  members,  and  numerous  instances 
were  noted.  Mr.  John  T.  Boyd  described  vibrations,  in  a  large 
office  building,  that  had  never  been  satisfactorily  accounted  for ; 
Mr.  Henry  G.  Morris,  in  a  large  hotel,  created  by  the  elevator 
pumps ;  Mr.  Howard  Murphy,  the  relative  eflFects  of  the  earth- 
quake on  different  floors  of  an  office  building ;  Mr.  F.  W.  Whit- 
ing, where  the  fourth  story  of  a  five-story  mill  building,  in  Phila- 
delphia, vibrates  f  in.,  and  a  mill  building,  in  Massachusetts, 
where  the  vibration  is  so  great  as  to  cause  nausea  among  new 
employees,  and  where  the  water  cannot  be  kept  in  a  fire  bucket, 
yet  the  building  is  probably  at  least  ten  years  old  and  seems  to 
stand  it. 

President  Joseph  M.  Wilson  referred  to  the  evil  effects  of  con- 
tinuous vibrations  in  structures,  and  noted,  incidentally,  a  case 
in  his  recent  practice  where  large  marble  blocks  had  been  broken 
by  the  freezing  of  water  in  the  lewis  holes;  Mr.  Howard  Murphy 
referred  to  the  vibration  in  the  large  Scotch  stacks,  and  Mr. 
Henry  G.  Morris  noted  the  case  of  a  stack  125  feet  high,  where 
the  vibration  was  IJ  ins.  Messrs.  Seaman,  Haupt,  Cleemann, 
Brown  and  Redway  took  part  in  the  discussion. 
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XXXIII. 


THE  RAINFALL. 

By  Abthub  Mabighal,  Active  Member  of  the  Club. 
Read  February  4<A,  1888. 

It  seems  that  very  few  people  pay  to  the  rainfall  the  attention 
it  really  deserves.  They  forget  that  it  is  the  ultimate  source  of 
our  water  supply ;  that  it  is  one  of  the  most  important  factors  in 
vegetation;  that  without  it  any  vegetal  or  animal  life  would 
cease  on  the  surface  of  the  earth. 

It  must  rain;  a  certain  amount  of  rain  is  needed,  and  a 
scarcity  as  well  as  an  excess  may  be  the  cause  of  the  most  appall- 
ing disasters.  We  do  not  need  to  go  back  to  ancient  history 
to  find  examples  of  such  calamities.  Recently  an  excess  of  rain 
has  caused  the  loss  of  thousands  of  lives  in  the  southern  part  of 
Asia. 

Who  does  not  know  of  the  terrible  famine  of  1060,  when 
two  provinces  of  Egypt  were  wholly  depopulated.  It  was  the 
result  of  a  scarcity  of  water. 

If  it  were  possible  to  foretell  these  irregularities  in  the  rain- 
fall many  disasters  could  be  reduced  in  their  consequences,  if  not 
entirely  avoided.  But  no  theory  can  give  us  a  law  to  base  our 
predictions ;  we  are  compelled  to  make  continuous  observations 
and  from  them  deduce  an  empirical  law,  the  accuracy  of  which 
will  depend  upon  the  number  of  our  observations.  It  is  not  my 
intention  to  present  to  the  Club  a  line  of  observations  from 
which  a  law  could  be  deduced.  The  time  I  can  dispose  of  does 
not  allow  me  such  laborious  statistics.  What  I  want  is  to  call 
the  attention  of  parties  having  the  opportunity  to  make  such  ob- 
servations to  the  necessity  of  having  detailed  data  on  the  rainfall. 

The  tables  or  diagrams  which  should  be  made  are  numerous  ; 
for  instance :  The  rainfall  all  over  the  world ;  the  rainfall  per 
day,  per  month,  per  year,  all  over  a  given  country,  with  height 
of  barometer,  temperature,  prevailing  wind,  etc. 

The  rainfall  compared  with  the  stream-flow ;  the  rainfall  com- 
pared with  the  sanitary  condition  of  a  city  or  town. 
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Hudson  River. 


Hudson 35  inches 


New  York 44  inches 

Poughkeepde 40     "         Albanj 36     " 

Susquehanna  River. 

Havre  de  Grace 44  inches 

Harrisborg 49     " 

Lewisbui^ 39     " 


Williamsport 39  inches 

Oswego 34     " 

Elmira 26     " 


Mississippi  River. 

Delta 60  inches  I  Memphis 42  inches 

New  Orleans 60     "         Cairo        42     *' 


St.  Lonis 42     " 

Dubuque  38     " 


Baton  Rouffe 60     " 

Jiinctionof  Red  River  .   .   .   .  56     ** 
Vicksburg 66     " 

But  the  leading  streams  of  Europe  would  show  just  the  re- 
verse, as  will  be  seen  from  the  following  tables : 

Valley  of  the  Danube. 


Buda 17  inches 

Vienna 19     " 

Ratisbonne 23     " 


Ulm 27  inches 

Genkingen 62     *' 


Valley  op  the  Po  (Italy). 


Venice 33  inches 

Padoua 34     ** 


Milan 39  inches 

Turin 39     " 


Valley  of  the  Rhine. 


Zurich 36  inch  e 

Berne 46     " 


Middleburg 26  inches 

Haguenau 27     ** 

Strasbourg 28     " 

Concluding,  I  will  say  that  we  should  not  be  too  hasty  in 
making  deductions.  The  rainfall  is  one  of  the  most  capricious  of 
phenomena.  Unless  our  observations  are  detailed,  complete  and 
very  numerous,  it  is  impossible  to  deduce  a  law  which  would  be 
of  practical  value. 


XXXIV. 

THE  MANUFACTURE  OF  SEWER  PIPE  BY  THE  DELAWARE 

TERRA  COTTA  COMPANY. 

By  Fbedsbic  H.  Robinson,  Active  Member  of  the  Qub. 

Bead  February  18M,  1888. 

The  works  are  situated  on  Brandywine  Creek,  between  Heald 
and  Eleventh  Streets,  and  close  to  the  Philadelphia,  Wilmington 
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and  Baltimore  Railroad.  They  are  equipped  for  the  manufacture 
of  all  the  standard  sizes  and  shapes  of  sewer  pipe,  as  well  as  of 
other  work  in  terra  cotta,  and  of  fire-brick. 

The  material  of  which  the  pipes  are  made  is  composed  of  three 
ingredients — two  kinds  of  clay,  and  a  sand  and  clay  mixed. 
The  first  is  a  very  strong  clay  obtained  from  brick  yards  in  the 
northeastern  part  of  the  city.  It  underlies  the  clay  of  which 
bricks  are  made.  The  second  is  a  strong  clay  containing  a  red 
coloring  matter,  and  is  obtained  from  the  south  side  of  the 
Christiana  River  in  New  Castle  Hundred,  near  the  bridge  on 
which  the  Delaware  Railroad  crosses  the  Christiana.  The  third 
ingredient  is  a  material  composed  of  fire-clay  and  sand,  and  is 
obtained  on  the  Christiana  River  in  New  Castle  Hundred.  These 
ingredients  are  mixed  in  the  proportion  by  measurement  of  two 
parts  of  the  strong  clay  first  mentioned,  one  part  of  the  clay 
containing  the  red  coloring  matter,  and  one  part  of  the  fire-clay 
and  sand.  Made  in  these  proportions  the  mixture  is  placed  in 
the  wet-pan,  where  water  is  added.  The  wet-pan  is  a  shallow 
circular  iron  pan,  in  which  the  clays  are  crushed  and  mixed  by 
two  iron  wheels,  following  each  other  on  edge  around  the  pan, 
driven  by  a  horizontal  axle  attached  to  a  vertical  shaft.  This 
pan  is  placed  on  the  ground  floor. 

After  the  materials  are  properly  mixed  this  clay  is  turned  by 
a  suspended  shovel  into  the  buckets  of  the  elevator,  which  are 
attached  to  an  endless  band,  in  which  it  is  raised  to  the  third 
floor  of  the  building. 

Projecting  from  the  third  floor  towards  the  second  is  the  cast- 
ing which  contains  the  iron  mould  for  the  pipe.  Into  this  the 
clay  from  the  wet-pan  is  thrown,  and  an  iron  plunger,  moved  by 
the  piston  of  a  steam  cylinder,  which  piston  is  attached  to  the 
upper  end  of  the  plunger  rods,  descends  vertically,  compressing 
the  clay  in  the  mould  below. 

After  the  clay  is  thoroughly  compressed  in  the  mould,  an  iron 
table  under  the  mould,  attached  to  the  upper  end  of  a  piston 
passing  below  the  second  floor,  and  forming,  as  it  were,  the 
bottom  for  the  mould,  descends  with  the  pipe  standing  upon  it. 
The  alternate  upward  and  downward  motions  of  the  piston 
which  moves  the  plunger,  and  the  piston  which  moves  the  table, 
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are  controlled  by  the  operator  on  the  second  floor,  where  the 
pipes  are  removed  from  the  mould. 

Pipes  under  five  inches  in  diameter  are,  when  taken  from  the 
mould,  immediately  removed  to  another  part  of  the  second  floor, 
where  they  have  placed  in  them  a  wooden  frame  of  the  proper 
length,  to  which  their  ends  are  trimmed  ofi^  and  then  smoothed 
with  leather.  As  those  over  five  inches  in  diameter  come  from 
the  mould,  they  immediately  have  their  spigot  ends  trimmed  oflF, 
and  are  then  taken  by  an  elevator  to  the  first  floor  where  their 
ends  are  finished  up.  These,  with  the  smaller  pipes  from  the 
second  fioor,  are  placed  on  end  on  the  drying  floor  of  the  first 
story  of  the  building  where  they  remain  from  three  to  six  days, 
when  they  are  ready  for  burning. 

Branches  are  made  by  placing  the  branch  piece,  while  damp, 
upon  the  main  pipe,  and  then  trimming  and  shaping  them. 

Traps  are  formed  by  hand  in  plaster  of  Paris  moulds,  which 
are  made  in  halves,  dividing  lengthwise. 

The  walls  of  the  kilns  are  of  brick  and  are  13  inches  in  thick- 
ness. The  kilns  are  circular,  the  largest  being,  inside,  22  feet 
in  diameter,  and  8  feet  high  to  the  square,  surrounded  by  a  dome. 

The  kiln  is  filled  with  pipes  from  the  drying  floor,  placed  on 
end.  It  is  fired  from  eight  fire-places  at  equal  distances  around 
the  kiln.  Gas  coal  is  used.  Inside,  the  products  of  combustion 
pass  through  short  vertical  stacks  towards  the  top  of  the  kiln, 
whence  they  are  beaten  back  among  the  pipes,  and  finally  escape 
through  a  fine  built  around  the  kiln  near  the  bottom,  and  pass 
in  an  underground  flue  to  the  stack. 

At  the  proper  stage  of  burning,  which  is  ascertained  by  small 
test  pieces  of  clay  which  may  be  drawn  and  examined,  the 
attendant  passes  three  times  around  the  kiln,  and  each  time 
throws  into  each  fire-place  a  shovelful  of  common  salt.  By 
this  the  pipes  are  glazed. 

After  the  sealing  of  the  kiln  three  days  are  required  in  which 
to  fire  up  and  burn,  and  three  more  in  which  to  cool  oflf  and  re- 
move the  pipes,  which  are  inspected  and  are  then  ready  for  the 
market. 
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XXXV. 


THE  TESTING  OF  CEMENTS. 

By  A.  Masichal,  Active  Member  of  the  Qub. 
Bead  March  Vthy  1888. 

In  entering  a  discussion  upon  the  question  of  cements  I  expect 
to  hear  that  the  ground  has  been  pretty  well  canvassed;  that  noth- 
ing new  could  be  said  on  the  subject ;  that  engineers  know  all 
about  it. 

I  must  say  that  in  many  instances  I  have  been  able  to  con- 
vince myself  of  the  fact  that  some  engineers,  in  charge  of  very 
important  works,  knew  little  or  nothing  about  the  properties  of 
cement.  They  spent  many  hundred  dollars  to  test  their  cements; 
yet  the  mortar  used  in  their  works  was  not  worth  a  penny.  They 
did  not  test  the  mortar,  but  they  tested  the  pure  cement,  and  on 
no  occasion  was  said  cement  used  without  the  addition  of  sand. 
This  seems  to  me  very  much  like  that  amateur  photographer 
who  read  somewhere  that  a  solution  of  one  part  of  sulphuric  acid 
in  one  hundred  parts  of  water  was  good  to  wash  the  hands  in 
before  developing;  he  wanted  to  know  how  good  it  was,  and  for 
this  purpose  washed  his  hands  in  pure  sulphuric  acid. 

A  material  should  be  tested  as  near  as  possible  iii  the  same 
condition  as  it  is  used. 

At  a  meeting  of  this  Club  on  the  19th  of  November,  1887, 1 
entered  a  discussion  in  order  to  prove  that  a  cement  giving  the 
highest  tensile  strength  when  tested  neat  was  not  always  the  one 
having  the  highest  tensile  strength  when  mixed  with  sand.  I 
will  consequently  not  go  into  any  more  details  about  this  ques- 
tion. 

An  engineer  in  charge  of  works  requiring  the  use  of  cements 
should  from  time  to  time  take  samples  of  the  mortar  just  as  made 
by  the  mason  and  test  it  by  some  reliable  method.  Then  he  will 
be  able  to  judge  of  the  value  of  said  mortar  for  the  work  he  is 
doing.  If  the  work  is  made  under  contract,  the  specifications 
should  state  the  required  properties  of  the  mortar  and  not  the  one 
of  the  cement.    A  cement  may  be  very  good  and  yet  the  mortar 
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very  poor  because  it  has  not  been  worked  properly;  the  strength 
may  be  doubled  and  trebled  by  a  good  manipulation,  a  good  pro- 
portion of  water,  a  good  quality  of  sand,  etc. 

The  following  experiment  I  had  occasion  to  make  seems  to  me 
very  conclusive :  I  took  Portland  cement,  mixed  with  two  parts 
of  sand,  and  made  ten  briquettes.  Then  I  placed  the  remaining 
paste  on  a  board  in  which  I  had  drilled  many  holes.  With  a 
trowel  I  pressed  the  paste  through  the  holes  and  made  ten  more 
briquettes.    1  repeated  this  operation  four  times. 

I  found  that  the  average  tensile  strength  of  each  series  of  bri- 
quettes was  increasing  and  that  the  last  series  had  a  tensile  strength 
of  about  30  per  cent,  higher  than  the  first  one. 

When  the  object  is  to  determine  the  relative  value  of  different 
brands  of  cements,  care  must  be  taken  in  making  the  briquettes 
and  in  testing  them  to  have  as  nearly  as  possible  all  conditions 
alike ;  for  instance,  same  manipulation,  same  proportion  of  sand 
and  water,  same  temperature,  etc. 

Series  of  tests  should  be  made  with  different  proportions  of 
sand.  This  point  has  its  importance  by  the  fact  that  some 
cements  can  be  mixed  with  a  greater  quantity  of  sand  and  have 
still  the  same  strength  as  another  one  mixed  with  a  much  smaller 
quantity.  In  many  instances  it  will  be  found  that  the  most  ex- 
pensive cement  is  the  cheapest  one  after  all,  allowing  the  use  of 
a  greater  proportion  of  sand. 

The  proportion  of  water  has,  within  certain  limits,  but  little 
effect  on  the  ultimate  strength  of  cements,  when  this  one  is  not 
subject  to  pressure  while  setting. 

On  the  contrary,  if  subject  to  pressure,  a  stiff  paste  will  become 
stronger  than  a  thin  one.  It  has  been  my  practice  in  building 
rubble  masonry  to  pour  fluid  mortar  between  the  stones  in  order 
to  fill  the  holes  as  perfectly  as  possible,  and  I  have  been  able  to 
convince  myself  of  the  fact  that  this  fluid  mortar  was  as  strong 
as  the  ordinary  one  placed  under  the  stones. 

As  to  the  temperature,  I  must  say  that  the  importance  results 
from  the  fact  that  the  cements  are  generally  tested  after  seven 
days — I  mean  after  setting  of  short  duration.  After  six  months 
the  difference  resulting  from  the  temperature  is  inappreciable, 
while  after  only  seven  days  it  may  be  20  to  30  per  cent. 
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In  the  machine  generally  used  for  testing  cements  the  speed  and 
uniformity  in  applying  the  load  affects  considerably  the  results. 
Some  vibration  is  taking  place,  the  intensity  of  which  is  different 
in  all  cases,  hence  lack  of  uniformity  in  the  results.  Several  im- 
provements have  been  suggested  in  order  to  avoid  these  vibra- 
tions, but  none  seems  to  me  to  be  a  radical  one. 

The  best  improvement  I  know  of  is  realized  by  the  "  Buignet 
testing  machine  "  operating  by  mercury  pressure.  The  operation 
is  as  follows :  A  vessel  containing  mercury  and  adjustable  at  any 
height  is  in  communication,  by  means  of  a  rubber  tube,  with  a 
chamber  containing  a  floater.  The  mercury,  being  admitted  into 
the  chamber,  gives  to  the  floater  an  ascensional  power,  which 
is  transmitted  to  a  rod  and  multiplied  by  means  of  a  combination 
of  levers.  The  advantages  are,  first,  in  the  uniformity  accompany- 
ing the  application  of  the  load ;  second,  in  the  almost  total  pre- 
vention of  vibration. 

Some  cements  increase  in  volume  while  setting  when  exposed 
to  dampness.  I  know  of  several  cases  where  this  phenomenon 
has  been  the  cause  of  the  complete  destruction  of  important  works. 
In  the  case  I  refer  to  this  increase  of  volume  was  due  to  the 
hydration  of  magnesia  contained  in  excess  in  the  cement. 

It  has  been  observed  that  an  expansion  of  four  per  cent,  was 
taking  place  in  a  cement  pavement.  The  cement  contained 
25  to  30  per  cent,  of  magnesia.  It  will  always  be  safe  practice  to 
place  some  mortar  in  a  glass  tube  and  pour  some  water  on  top. 
If  the  glass  breaks,  the  cement  is  unfit  for  use  and  should  be 
analyzed. 

The  compressive  strength  of  a  cement  mortar  is  of  the  greatest 
importance  in  ordinary  constructions.  Unfortunately  it  caunot 
be  ascertained  with  any  degree  of  accuracy;  the  mortar  is  injured 
before  it  is  crushed,  and  it  is  impossible  to  tell  exactly  when  it 
becomes  injured.  Moreover,  it  does  not  seem  to  exist  in  any  definite 
relation  between  the  tensile  strength  and  the  crushing  strength. 
The  proportion  of  sand  seems  particularly  to  affect  this  relation. 
As  far  as  I  have  been  able  to  judge,  the  cement  mortar  is  injured 
when  the  crushing  force  becomes  greater  than  six  times  the  ten- 
sile strength,  although  I  have  seen  some  test  pieces  sustain  nine 
times  the  same  force  without  being  apparently  injured.    For  all 
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practical  purposes  I  think  that  the  coefficient  6  would  answer 
very  well. 

I  could  go  into  many  more  details,  but  I  think  it  is  unnecessary. 
I  have  summarized  the  properties  of  cement  which  I  thought 
were  of  practical  use  to  the  engineer  in  charge  of  maaonry  work, 
with  a  view  of  avoiding  any  waste  of  money  in  so-called  tests  of 
no  value  whatever  and,  may  be,  prevent  the  failure  of  the  works. 

Every  year  appropriations  are  made  for  public  works  all  over 
the  country;  the  percentage  of  these  appropriations  used  for 
cement  represents  an  immense  capital.  This  capital  belongs  to 
the  citizens,  belongs  to  you ;  it  should  be  expended  in  the  most 
beneficial  manner.  Good  cement  should  be  bought;  good  mortar 
should  be  made  with  it. 

But  my  voice  is  not  strong  enough  to  be  heard,  moreover  I  am 
not  an  authority  on  the  subject;  the  Club  is  an  authority  and  its 
voice  will  be  heard.  Consequently  I  take  the  liberty  to  ask  for 
the  appointment  of  a  committee  who  would  recommend  a  prac- 
tical method  of  testing  cement  and  present  it  to  the  Club  for  ita 
approval. 


XXXVI. 

THE  MANUFACTURE  OF  GUNPOWDER. 

Pr«par«d  In  pftrt 

By  Fbedxric  H.  Robihson,  Active  Member  of  the  dub. 

Bead  March  17th,  1888. 

The  manufacture  of  gunpowder  consists  essentially  in  mixing 
the  three  ingredients,  sulphur,  saltpetre  and  charcoal,  in  such 
proportions  that  when  heat  is  applied  the  whole  becomes  ignited, 
generating  great  heat,  which  expands  the  gases  formed.  The 
process  is  most  complete  when  the  substances  are  wholly  con- 
verted into  gases  and  vapors.  The  object  is  to  have  CO 2,  not 
CO,  formed.  The  latter  arises  from  incomplete  combustion.  The 
gases  come  from  the  combination  of  the  C  of  the  charcoal  with 
the  0  of  the  nitrate  of  potash.  The  8  facilitates  the  liberation  of 
the  0  combming  with  the  metal,  forming  sulphuret  of  potassium. 


Pliila.,  1888,.  VI ,  5.]      Robinson — The  Manufacture  of  Gunpowder.         305 

Walking  a  few  rods  from  the  office  of  Du  Font's  Powder  Mills, 
Wilmington,  Delaware,  we  entered  the  wood  yard,  where  were 
great  stacks  of  willow  and  poplar,  part  of  which  was  already 
barked  and  stacked  to  dry.  This  wood,  before  being  charred,  is 
separated  into  two  grades,  the  smaller  of  which  contains  mere 
branches,  not  more  than  an  inch  in  diameter.  For  the  manu- 
facture of  gunpowder  the  smaller  wood  is  preferred,  since  it  is 
easily  charred  so  as  not  to  leave  any  0  behind,  this  precaution 
being  necessary  in  the  production  of  good  gunpowder;  since  if 
any  0  remains  combined  with  -ff  so  as  to  form  water,  such  a 
large  amount  of  heat  will  be  absorbed  by  the  water  during  the 
ignition  of  the  powder  that  very  little  force  will  be  given  to  the 
ball  or  shot.  The  coarse  wood,  mixed  with  the  poplar,  gives 
charcoal  for  blasting  powder ;  since,  though  some  of  it  be  imper- 
fectly charred,  sufficient  time  is  allowed  such  powder  to  underga 
complete  combustion  before  the  expansion  of  the  gases  bursts  the 
rock.  A  coarse-grained  wood,  as  willow,  is  selected,  because  it 
requires  but  three  or  four  hours  to  char  it,  while  oak  would  con- 
sume a  much  longer  time.  All  wood  should  be  thoroughly 
dried  before  being  charred. 

In  the  coal  house  near  by  were  five  or  six  cast-iron  cylin- 
drical vessels  containing  the  wood  which  was  being  charred. 
These  retorts  are  sunk  in  an  iron  platform  to  such  a  depth  that 
their  lids  are  about  five  inches  above  the  floor.  The  retorts  are 
about  four  feet  in  diameter.  Each  one  has  a  copper  pipe  in  the 
lid  for  carrying  off  the  pyroligneous  acid,  etc.,  formed  during  the 
process.  The  fire  is  kindled  under  these  vessels.  Up  to  about 
150°  F.  the  product  of  distillation  tastes  quite  like  distilled 
water;  as  the  heat  increases  it  begins  to  assume  the  taste  of 
burned  wood.  The  H  is  not  entirely  driven  off  unless  the  wood 
is  subjected  to  a  very  high  temperature.  The  presence  of  H  is 
an  advantage  in  powder  used  in  shot-guns,  as  rapid  combustion 
and  the  production  of  a  high  temperature  are  required.  When 
the  explosion  takes  place  the  heat,  produced  by  the  combination 
of  this  H  with  the  0  of  the  nitre,  is  very  great.  Hence  the 
temperature  for  the  charcoal  for  shot-gun  powder  is  raised  to 
only  480°  F.,  and  kept  at  that  point  for  three  and  a  half  hours. 
For  cannon  or  blasting  powder  it  is  raised  to  600°  F. 
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When  the  wood  is  suflSciently  charred  it  is  taken  out  of  the 
retorts  and  placed  in  a  room  to  be  sorted.  Here  it  is  separated 
into  three  classes,  one  consisting  of  that  which,  from  being  in 
contact  wiih  the  sides  of  the  retort,  has  been  too  much  charred. 
This  class  is  distinguished  by  the  very  black,  glossy  surface. 
Another  class,  which  has  not  been  suflSciently  charred,  is  of  a 
light  brown  color.  The  third  class,  which  is  selected  for  shot- 
gun powder,  is  of  a  reddish  brown.  It  is,  however,  entirely  unfit 
for  rifle  powder,  since  it  would  produce  too  rapid  combustion. 

Next  is  the  saltpetre  department.  Here  the  saltpetre  in  the 
crude  state  is  separated  from  its  impurities.  Common  salt  and 
chloride  of  potassium,  on  account  of  their  property  of  absorbing 
moisture,  must,  as  far  as  possible,  be  gotten  rid  of.  In  order  to 
do  this,  about  20  tons  of  saltpetre  are  placed  in  a  vat  standing 
about  15  feet  high,  in  which  it  is  subjected  to  the  action  of  a  con- 
stant stream  of  water.  In  cold  water  the  chlorides  dissolve  first 
and  escape  through  a  pipe  at  the  bottom  of  the  vat.  After  sev- 
eral such  washings  the  saltpetre  is,  to  a  great  extent,  freed  from 
the  common  salt.  The  vat  is  shaped  like  the  inverted  frustum  of 
a  cone,  and  revolves  about  an  axis.  Six  or  eight  feet  from  the  vat 
is  a  large  tank,  so  placed  that  about  four  feet  of  it  stand  above 
the  level  of  the  floor.  When  the  salt  has  been  separated,  the 
contents  of  the  wooden  vat  are  emptied  into  this  copper  tank  and 
dissolved  in  hot  water.  About  two  pounds  of  glue  are  dissolved 
in  200  pounds  of  cold  water.  This  solution  also  is  thrown  into 
the  tank.  By  stirring  with  a  long  rod  the  contents  of  the  tank 
are  thoroughly  mixed.  The  cold  solution  of  glue,  chilling  the 
nitre,  causes  it  to  settle,  while  the  glue  rises  to  the  surface,  clear- 
ing the  nitre  of  mechanical  impurities.  It  may  be  necessary  to 
repeat  this  operation.  If  so,  a  weaker  solution  of  glue  must  be 
used,  since  the  nitre,  being  partly  crystallized,  would  have  a  ten- 
dency to  adhere  to  a  strong  solution.  When  this  operation  is 
completed,  the  nitre  is  removed  from  the  tank  to  a  long  wooden 
trough  and  dissolved  in  hot  water.  The  solution  is  kept  stirred 
so  as  to  cause  the  nitre  to  subside  in  minute  crystals,  thus  avoid- 
ing the  presence  of  the  mother  liquor,  which,  were  large  crystals 
formed,  would,  by  capillary  attraction,  remain  in  their  seams. 

The  nitre  when  deposited  is  removed  from  the  mother  liquor 
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and  placed  on  a  platform  to  drain.  It  is  then  washed  to  rid  it 
of  all  the  mother  liquor.  For  this  purpose  it  is  placed  in  perfo- 
rated wooden  boxes,  and  distilled  water  is  poured  upon  it.  This 
water  soaks  through  the  mass  and  escapes  through  the  bottoms 
of  the  boxes.  At  this  point  the  purification,  as  far  as  chemical 
impurities  are  concerned,  is  ended.  From  the  boxes  it  is  re- 
moved to  the  drying  mill.  It  is  spread  on  a  circular  floor  about 
20  feet  in  diameter,  and  over  it  passes  a  large  number  of  rollers. 
Alternate  with  these  rollers  are  plows  or  scrapers  which  keep  the 
nitre  stirred.  The  water  is  evaporated  by  heat,  communicated 
to  the  bottom  of  the  floor.  When  thoroughly  dried,  which  re- 
quires several  hours,  the  nitre  is  passed  through  fine  sieves. 

The  charcoal  and  sulphur  are  ground  together.  The  two 
substances  are  placed  in  barrels  in  proper  proportions.  These 
barrels  have  horizontal  shafts  passing  through  them  from  end  to 
end,  about  which  they  revolve.  There  are  about  a  dozen  of  these 
barrels  on  one  shaft,  and  in  each  barrel  is  a  number  of  malleable 
iron  balls.  As  the  barrels  revolve  the  balls  falling  about  crush 
the  charcoal  and  sulphur  to  the  proper  degree  of  fineness.  The 
pulverized  mixture  is  passed  through  a  sieve  to  remove  the 
coarse  pieces  of  charcoal. 

From  this  mill  the  powdered  charcoal  and  sulphur  are  taken 
to  the  incorporating  mill,  where  they  are  mixed  with  the  proper 
proportion  of  the  prepared  saltpetre.  The  mixture,  together 
with  a  number  of  zinc  balls,  is  then  placed  in  barrels  made  of 
buckskin,  stretched  on  frames.  These  barrels  are  driven  in  a 
manner  similar  to  that  in  which  those  used  in  crushing  the 
charcoal  are  driven.  Since  there  is  a  small  amount  of  moisture 
in  the  ingredients,  it  is  necessary,  while  the  barrels  are  revolv- 
ing, that  care  should  be  taken  that  the  powder  does  not  adhere  to 
the  sides.  If  it  should,  the  accumulation  of  the  powder  might 
hold  the  balls  in  its  mass,  forming,  as  it  were,  a  fly-wheel.  In 
order  to  prevent  this  accumulation  the  sides  of  the  barrel  are 
struck  with  a  wooden  mallet.  The  operation  going  on  in  the 
barrels  is  for  the  purpose  of  producing  a  homogeneous  mixture 
of  the  three  ingredients. 

When  thoroughly  incorporated,  the  powder  is  taken  to  a 
building  where  it  is  mixed  with  water — in  winter  3^  per  cent.,  in 
summer  4  per  cent. 
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The  powder  is  then  ground.  It  is  so  spread  over  the  bed  of 
the  mill  as  to  cover  it  to  the  depth  of  two  or  three  inches. 
There  are  two  large  cast-iron  edge  wheels,  each  weighing  eight 
tons.  These,  which  are  driven  by  an  upright  shaft,  move  over 
the  powder,  grinding  it  to  a  high  degree  of  fineness.  There  are 
at  one  time  only  about  100  pounds  of  powder  in  each  of  these 
grinding  mills,  so  that  if  an  explosion  should  occur  in  one  of 
them,  injury  to  the  neighboring  mills  would  be  avoided. 

After  being  ground  the  powder  is  removed  to  the  pressing 
mill,  where  it  is  subjected  to  a  pressure  of  2,000  pounds  to  the 
square  inch.  After  being  pressed  it  is  very  hard,  and  in  the  form 
of  square  cakes  about  two  feet  square  and  one  inch  thick.  These 
are  passed  between  rollers  upon  which  are  cogs  of  bell  metal. 
This  is  merely  preparatory  to  the  granulating  operation,  which 
consists  in  passing  the  broken  cake  through  rollers.  These 
rollers  are  placed  at  a  distance  from  each  other,  varying  accord- 
ing to  the  size  of  the  grain  to  be  prepared.  As  the  powder 
passes  between  them  it  falls  upon  a  series  of  sieves.  The  part  which 
passes  through  the  first  sieve  falls  upon  another,  which  retains 
the  proper  sized  grains,  allowing  the  rest  to  pass  through.  That 
portion  not  sufiiciently  fine  is  again  passed  through  the  rollers. 
That  which  is  too  fine  is  returned  to  the  mill  to  be  again  pressed. 

The  next  operation  is  the  glazing  of  the  grains.  The  powder 
is  placed  in  barrels.  As  the  barrels  revolve  upon  horizontal 
axes,  the  friction  of  the  grains  against  each  other  leaves  the 
powder  glazed  and  ready  to  be  dried.  For  this  purpose  it 
is  placed  in  bags  and  taken  to  the  drying-house.  In  a  room  is 
a  frame  work,  upon  which  the  sieves  containing  the  powder  to  be 
dried  are  placed.  After  remaining  here  about  eleven  hours  it  is 
removed  to  another  building  where  it  is  packed,  and  from  which 
it  is  shipped  to  the  various  markets. 

DISCUSSION. 

By  J.  W.  Redway. 
Read  March  I7ihy  1888. 

The  following  summary  of  results  concerning  the  explosion 
of  powder  and  the  chemical  reaction  which  occurs  during  the 
process  was  presented  by  Mr.  J.  \V.  Redway. 
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The  explosion  of  powder  is  nothing  more  than  the  ordinary 
phenomenon  of  combustion — that  is,  the  combination  of  carbon 
with  oxygen  to  form  carbon  dioxide.  The  only  difference  is  that 
in  ordinary  combustion  the  oxygen  occurs  diluted  with  four 
times  its  volume  of  nitrogen.  In  the  combustion  of  gunpowder, 
not  only  is  the  oxygen  undiluted,  but  it  is  chemically  compressed 
to  about  one-three-hundredth  part  of  its  normal  volume.  This 
is  the  secret  of  the  dynamics  of  a  gunpowder  explosion.  This  is 
why  a  gunpowder  explosion  develops  a  force  so  much  greater 
than  one  of  carbon  "  dust "  or  of  coal-gas. 

The  average  gunpowder  consists  of  about  75  parts  of 
potassium  nitrate,  12  of  sulphur  and  13  of  charcoal.  This 
corresponds  nearly  to  the  chemical  formula : 

2  KNO^  +  8+SC=  K^S  +2N+S  CO^. 
This  has  long  been  considered  the  chemical  reaction  of  the  ex- 
plosion.    The  real  reaction,  however,  is  far  more  complex. 

A  number  of  analyses  of  the  residues  of  explosion  or  combus- 
tion, made  in  part  by  the  writer,  he  having  undertaken  the 
investigation  of  the  solids,  showed  the  following  average  results 
in  round  numbers.  These  analyses  closely  confirmed  the  results 
obtained  by  Abel  and  Noble. 

SOLIDS.  GASEOUS. 

Putassium  Carbonate oo  Carbon  Dioxide 49 

do.        Sulphate lo  Carbon  Monoxide 09 

do.        Hyposulphite    ...    .20  Nitrogen 36 

do.        Sulphide 07  Hydrogen  Sulphide 04 

Ammoniacal  and  other  prcxiiictM  .03  Other  products 02 

1.00  1.00 

There  is  much  variation  in  the  composition  of  the  solid  resi- 
dues, even  when  the  powder  is  ignited  in  a  vacuum,  but  inas- 
much as  powder  is  composed  of  elements  of  strong  affinities,  a 
now  uniformity  of  the  percentage  of  products  might  be  expected. 
The  composition  of  the  gaseous  products  are  more  uniform  than 
tiiat  of  the  solids. 

The  volume  of  the  permanent  gases  reduced  to  normal  ten- 
sion (one  atmosphere)  and  temperature  is  from  275  to  290  times 
the  volume  of  the  powder.    If  the  chamber  containing  the  powder 


310  Bedway — Manufacture  of  Gunpowder — Disc'n.     [Proc.  Eng.  Qub, 

is  entirely  filled,  the  tension  of  the  liberated  gases  varies  from 
31  to  37  tons  per  square  inch,  the  theoretical  pressure  being 
about  42  tons  per  square  inch,  with  the  gases  reduced  to  normal 
tension  and  temperature. 

But  the  temperature  of  the  elements  at  the  time  of  explosion 
may  be  safely  estimated  at  2,200°  C,  and  therefore  the  volume  of 
the  liberated  gases  will  exceed  the  values  already  noted,  being 
nearly  eight  times  as  great  theoretically. 

Practically  all  of  these  values  must  be  taken  with  more  or 
less  allowance,  as  all  analyses,  physical,  chemical  and  dynamic, 
demonstrated  that  inconstancy  of  result  was  one  of  the  most 
noticeable  factors. 

The  explosion  of  nitro-glycerine  is  wholly  unlike  that  of 
gunpowder.  The  latter  is  reaction  and  combination ;  the  former, 
molecular  disintegration. 

A  molecule  of  glycerine,  a  very  stable  substance,  may  be  rep- 
resented by  the  formula  C^  Hg  0^.  If,  however,  we  allow  a  fine 
stream  of  glycerine  to  trickle  into  a  vessel  containing  red,  fuming 
nitric  acid,  it  undergoes  a  remarkable  change.  These  atoms  of 
hydrogen  are  dropped,  and  in  their  place  the  glycerine  takes  up 
three  molecules  of  a  nitrogen  compound  having  the  composition 
iV7>2.  The  glycerine,  in  other  words,  has  become  nitro-glycerine 
and  has  the  formula  Cg  H^  {^^02)z  0^,  and  it  is  marked  by 
extreme  instability.  It  is  like  a  boiler  witli  a  pressure  the  merest 
trifle  below  the  bursting  point — a  slight  percussion  and  the  bands 
are  broken.  There  is  no  combination  of  atoms  in  the  nitro- 
glycerine explosion.  The  molecule  merely  falls  to  pieces.  It 
does  so  instantly,  and  nine  hundred  volumes  of  gaseous  products, 
chiefly  carbon  dioxide  and  nitrogen  tetroxide,  resume  their  nor- 
mal condition.  In  other  words,  the  gaseous  products  have  nine 
hundred  times  the  volume  of  the  nitro-glycerine.  This,  together 
with  the  instantaneity  of  the  explosion,  may  explain  why  nitro- 
glycerine is  so  much  more  destructive  in  its  effects  than  black 
powder. 
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THE  ITEMS  OF  EXPENSE  IN  INCANDESCENT  ELECTRIC 

LIGHTING. 

By  Lino  F.  Eondinella,  Active  Member  of  the  Club. 

Read  March  I7th,  1888. 

The  total  expense  ia  iucandescent  electric  lighting  is  made  up 
of  the  two  items  of  power  and  the  renewal  of  lamps.  To  reduce 
this  expense  to  a  minimum,  the  manufacturers  of  incandescent 
lamps  have  therefore  directed  their  efforts  to  improving  them  in 
two  diflferent  particulars.  In  the  first  place  the  efficiency  of  the 
light  must  be  increased,  that  is,  the  amount  of  motive  power  ex- 
pended on  the  dynamo,  to  produce  one  candle-power  of  light  in 
the  lamp,  must  be  as  small  as  possible.  And  in  the  second  place, 
the  duration  or  life  of  the  lamp  must  be  lengthened. 

Now  it  has  been  a  comparatively  easy  matter  to  realize  either 
of  these  conditions  separately, — to  make  a  lamp  of  high  efficiency, 
or  to  make  one  of  long  duration.  One  maker  may  truthfully  tell 
you  that  his  lamp  is  the  most  efficient  in  the  market,  perhaps 
that  it  requires  only  about  three  watts  of  power  per  candle  of 
illumination,  which  would  enable  you  to  run  about  fifteen 
IG-C.  P.  lamps  to  the  horse-power.  Another  maker  may  say, 
quite  as  truthfully,  that  his  lamp  will  last  longer  than  any  other 
kind — several  thousand  hours,  perhaps — and  that  the  expense  of 
renewals  will  therefore  be  a  minimum.  The  first  man  will  make 
no  remark  on  the  durability  of  his  lamp,  while  the  second  will 
be  silent  on  the  subject  of  efficiency.  The  fact  of  the  matter  is 
that  it  has  been  found  impossible,  as  yet,  to  combine  very  high 
values  of  both  efficiency  and  duration  in  one  and  the  same  lamp. 
It  becomes  an  interesting  question,  then,  to  consider  what  rela- 
tion exists  between  these  two  properties  in  incandescent  lamps;  and  if 
we  can  answer  that,  it  will  be  easy  to  decide  whether  the  more 
efficient  or  the  more  durable  lamp  is  the  more  economical  in  the 
end. 

After  the  Electrical  Exhibition  of  1884,  a  special  committee  of 
the  Franklin  Institute  made  a  verv  careful  series  of  tests  on  the 
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efficiency  and  duration  of  seven  different  kinds  of  incandescent 
lamps  submitted  for  the  purpose.  The  principal  conclusions  to 
be  drawn  from  their  report  are,  that — 

The  twenty*  Edison  lamps  showed  next  to  the  lowest  average 
efficiency  and  the  greatest  durability.  They  were  the  most 
regular  in  both  respects.  Nineteen  lamps  lasted  the  full  1,065 
hours  of  test;  one  broke  after  295  hours. 

The  ten  96- volt  Stanley  lamps  stood  fourth  in  average  efficiency. 
Only  one  lasted  1,065  hours,  the  others  from  78  to  882  hours. 

The  ten  44-volt  Stanley  lamps  showed  the  highest  average 
efficiency,  but  were  irregular.  One  lamp  survived  1,047  hours ; 
the  others  broke  in  40  to  309  hours. 

The  nineteen  55- volt  Woodhouse  &  Rawson  lamps  stood  second 
in  the  average  and  regularity  of  their  efficiencies.  Ten  of  them, 
submitted  to  the  1,065-hour  test,  broke  in  41  to  716  hours.  Four 
of  the  remaining  nine  survived  a  331-hour  test. 

The  ten  50-volt  White  lamps  stood  fifth  in  average  efficiency, 
and  varied  considerably.  Seven  of  them  survived  a  test  of  310 
hours. 

The  twenty  llOJ-volt  Weston  lamps  stood  third  in  average 
efficiency,  but  were  the  most  irregular.  Seven  of  them  survived 
the  1,065-hour  test ;  the  others  varied  in  duration  from  41  to  823 
hours. 

The  ten  70- volt  Weston  lamps  showed  the  lowest  average 
efficiency,  but  varied  considerably  from  each  other.  Seven  of 
them  survived  a  test  of  523  hours. 

It  is  but  fair  to  mention  that  after  the  efficiency  tests  Mr. 
Weston  stated  that  the  filaments  in  his  llOJ-volt  lamps  had  been 
very  imperfectly  prepared,  and  unsuccessful  efforts  were  made  to 
withdraw  them  from  the  duration  test. 

The  Franklin  Institute  tests  were  conducted  for  efficiency  and 
for  duration  separately,  and  no  remark  was  made  on  any  rela- 
tion which  might  exist  between  those  two  properties.  Although 
the  lamps  tested  covered  a  wide  range  in  both  particulars,  and 
although  the  data  for  each  lamp  is  very  comprehensive,  there 
were  not  enough  lamps  of  each  different  grade  to  admit  of  the 


*  The  number  tested  for  both  efficiencv  and  duration. 
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results  being  used  as  material  from  which  to  discover  such  a 
relation.  Through  the  kindness  of  Professor  Wm.  D.  Marks,  of 
the  Edison  Electric  Light  Company,  however,  I  was  fortunate 
enough  to  obtain  a  quantity  of  data  that  had  been  worked  up 
from  the  results  of  several  thousand  lamps  used  in  regular 
service  in  many  different  plants  during  a  period  of  five  years. 
This  gave  the  life  averages  of  Edison  lamps  for  all  grades  of 
efficiency  from  2.5  to  4  watts  per  candle.  Corresponding  values, 
when  plotted  as  co-ordinates  from  two  perpendicular  axes,  gave 
such  a  regular  looking  curve  that  the  thought  at  once  struck  me 
that  it  might  be  possible  to  find  a  constant  equation  for  it,  an 
•equation  that  would  show  a  fixed  relation  between  efficiency  and 
duration,  in  Edison  lamps  at  least. 

The  form  h  =^  cw  (in  which  h  is  the  hours  of  life,  and  w  the 
corresponding  watts  per  candle,  and  o  and  x  are  constants)  was 
suggested  to  me,  and  after  making  several  series  of  calculations 
with  different  assumed  values  for  x  and  the  values  of  h  and  w 
that  had  been  plotted  in  the  curve,  I  finally  succeeded  in  finding 
a  value  of  x  that  gave  a  constant  value  to  c  for  every  point  in  the 
curve  between  800  and  100  hours — the  values  for  the  few  points 
below  100  hours  being  very  slightly  different.  Substituting  these 
values  for  the  constants  in  the  original  form,  the  equation  thus 
found  for  the  relation  between  efficiency  and  duration  in  Edison 
incandescent  lamps  is 

^.7726 


7i  = 


3.7349 


The  table  below  contains  values  for  efficiency  and  life  that 
were  calculated  by  this  formula,  and  that  agree  exactly  with  the 
original  data,  except  for  50  and  75  hours,  as  suggested  before. 
The  corresponding  candles  per  horse-power,  and  the  number  of 
16-candle  lamps  per  horse-power,  are  added  in  the  table. 

All  of  the  figures  in  the  table,  it  will  be  remembered,  were  ob- 
tained originally  from  Edison  lamps.  In  the  effort  to  find  out 
whether  the  same  or  an  equally  constant  relation  exists  between 
efficiency  and  life  in  incandescent  lamps  of  other  companies,  I 
have  made  application  to  several  of  the  more  important  for  data 
of  the  average  lives  of  their  lamps  of  different  grades  of  efficiency, 
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TABLE. 

Efficiency,  Dn/ratioriy  Illumination. 


Watts  per 
Candle. 

Life  in  Hours. 

Candles  per  H.  P. 

16-C.  P.  Lamps 
PER  H.  P. 

2.474 

60 

301.5 

18.86 

2.654 

76 

281.0 

17.65 

2.790 

!               100 

267.4 

16.70 

2.993 

160 

249.2 

16.60 

3.146 

200 

237.1 

14.80 

3.270 

250 

228.1 

14.25 

3.375 

800 

221.0 

13.80 

3.466 

350 

216.2 

13.46 

■    3.547 

400 

210.3 

13.15 

3.620 

450 

206.0 

12.90 

3.687 

500 

202.3 

12.66 

3.749 

550 

199.0 

12.45 

3.805 

600 

196.0 

12.25 

3.859 

650 

193.3 

12.10 

3.908 

700 

190.9 

11.95 

3.955 

750 

188.6 

11.80 

4.000 

800 

186.5 

11.65 

4.042 

850 

184.6 

11.56 

4.082 

900 

182.7              ' 

11.40 

4.121 

950 

181.0 

11.30 

4158 

1000 

179.4 

11.20 

4.193 

1050 

177.9 

11.10 

4.227 

1100 

176.5              i 

11.06 

4.259 

1150 

176.1              , 

10.96 

4.291 

1200 

173.9 

10.86 

4.321 

1250 

172.6 

10.80 

4.351 

1300 

171.6              i 

10.70 

4.379 

1350 

170.3 

10.66 

4.407 

1400 

169.3              1 

10.60 

4.434 

1450 

168.2 

10.50 

4.460 

1500 

167.3 

10.45 

and  received  answer  that  they  have  not  enough  data  of  that 
kind  to  make  it  sufficiently  reliable  for  my  purpose. 

Turning  then  again  to  the  Franklin  Institute  tests  as  the  only 
other  available  source  of  information,  I  decided  to  try  how  all  of 
those  six  different  kinds  of  lamps  (the  Edison  were,  of  course,  ex- 
cluded), considered  collectively,  would  agree  with  the  values  in 
the  table,  and  obtained  the  following  interesting  and  rather  sug- 
gestive results. 

According  to  the  table,  a  lamp  that  requires  only  2.99  watts 
per  candle  should  live  150  hours.  Of  the  five  lamps  in  the  test, 
whose  efficiency  was  equal  to  or  greater  than  this,  only  one  lasted 
more  than  150  hours,  and  it  broke  in  206  hours. 
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A  lamp  requiring  3.37  watts  per  candle  should  live  300  hours. 
Of  twenty-two  lamps  in  the  test,  whose  efficiency  was  equal  to  or 
greater  than  this,  six  lasted  more  than  300  hours, — one  of  them 
300J  hours,  the  others  330,  422,  823,  and  two  Weston  lamps  each 
1,064  hours. 

A  lamp  requiring  3.8  watts  per  candle  should  live  600  hours. 
Of  forty-six  lamps  in  the  test,  whose  efficiency  was  equal  to  or 
greater  than  this,  eight  lasted  a  longer  time — 715,  823,  881,  and 
five  1,064  hours. 

These  facts  make  it  seem  likely  that  the  formula  for  Edison 
lamps  will  apply  quite  closely  to  other  incandescent  lamps,  and 
show  also  that  it  is  a  mistake  to  expect  long  life  from  lamps  of 
very  high  efficiency.  There  is  no  doubt  that  future  improve- 
ments in  the  carbon  filaments  will  increase  the  durability  of  high 
efficiency  lamps,  but  maximum  values  of  efficiency  and  life  can 
never  be  found  in  a  single  lamp,  notwithstanding  the  statement 
in  some  electric  lighting  catalogues  to  the  contrary. 

The  curve  ab,  in  Fig.  1,  shows  the  values  for  watts  and  hours 
that  were  contained  in  the  original  data,  while  the  curve  cd  is 
plotted  from  the  calculated  values  in  the  first  two  columns  of  the 
table. 

Fig.  1. 
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Let  us  see  now  whether  a  lamp  of  high  or  low  efficiency  is  the 
more  economical.  If  the  cost  of  1  H.P.  be  1  cent  per  hour,  and 
the  cost  of  each  new  lamp  be  85  cents,  and  we  select  for  com- 
parison a  low-efficiency  16-C.P.  lamp  that  requires  4.16  watts 
per  candle  and  lasts  1,000  hours,  and  a  high-efficiency  16-C.P. 
lamp  that  requires  3.69  watts  per  candle  and  lasts  500  hours,  the 
expense  of  running  each  lamp  2,000  hours  will  be  made  up  as 
follows : 

In  the  low-efficiency  lamp : 

Costof  Power=416Xl6x2000cents  =  $1.78 


U         (( 


2  Lamp  Renewals  @  85  "     =    1.70 


Total  Cost  =  $3.48 


In  the  high-efficiency  lamp : 


Cost  of  Power  =^:^^><^  2000,^^^^^  _  ^^  53 

74b 

4  Lamp  Renewals  @  85   "    =    3.40 


f(     (( 


Total  Cost  =  $4.98 

showing  a  saving  of  $1.50  in  2,000  hours  in  favor  of  the  lamp  of 
lower  efficiency  and  longer  life, — an  item  of  considerable  impor- 
tance in  calculating  the  cost  of  running  an  electric  lighting  plant 
At  10  cents  per  H.P.  per  hour,  the  balance  changes  in  favor  of 
the  high-efficiency  lamp ;  it  would  be  the  more  economical  lamp 
to  use  therefore  in  localities  where  power  is  very  expensive. 

It  will  not  be  very  long  before  those  living  in  the  central  part  of 
Philadelphia  can  be  supplied  with  incandescent  electric  light  from 
a  central  station  in  the  same  manner  as  they  are  now  supplied  with 
gas ;  indeed,  a  few  squares  in  the  business  centre  are  already  be- 
ing supplied  in  that  way  from  the  station  of  the  Keystone  Light 
and  Power  Company.  The  Edison  Electric  Light  Company's 
mammoth  station  (it  will  be  the  largest  station  in  the  world)  will 
probably  be  running  by  next  fall,  and  will  furnish  light  and 
power  to  the  greater  part  of  the  district  included  betw^een  Walnut 
and  Market  Streets,  from  the  Delaware  to  the  Schuylkill,  subse- 
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quently  extending  further  north  and  south.  The  cost  of  illumina- 
tion by  incandescent  lights,  fed  from  either  of  these  stations, 
although  their  methods  of  charging  differ,  is  about  the  same  as 
the  present  cost  of  illumination  by  gas  at  $1.50  per  thousand  feet. 
The  Keystone  Company  charge  a  fixed  price  of  J1.25  a  month 
for  each  16-candle  lamp,  whether  the  customer  uses  it  much  or 
little.  As  they  only  supply  business  houses,  they  calculate  that 
each  light  is  used  on  an  average  5  hours  on  each  working  day, 
or  about  130  hours  a  month.  The  Edison  Company  charge  for 
the  exact  amount  of  electricity  used  as  registered  by  a  meter  in 
the  consumer's  cellar,  their  rate  being  stated  as  equal  to  gas  at 
$2.25  per  thousand.  This  rate  is  based  on  the  theory  that  a  gas 
burner  using  5  cubic  feet  per  hour  gives  a  16-candle  illumina- 
tion, while,  as  an  actual  fact,  it  only  gives  9  or  10  candles.  If 
we  use  as  realized  values  10  candles  for  a  5-foot  gas  burner, 
and  16  candles  for  an  incandescent  lamp,  a  few  simple  calcula- 
tions will  give  us,  as  the  comparative  cost  per  candle-power  per 

hour, 

for  gas  light  =  .075  cents. 

(Edison  Company),  incandescent    "    =  .0703    " 

(Keystone      "       ),  "  "    =.0601     " 

Though  it  remains  to  be  seen  whether  the  incandescent  light 
will  supplant  gas  in  the  same  way  that  gas  has  supplanted  oil, 
there  is  no  doubt  that  in  the  near  future  it  will  play  a  very 
important  part  in  interior  illumination. 


XXXVIII. 

ROPE  OR  CABLE  AS  A  TRANSMITTER  OF  POWER. 

By  Wh.  H.  Bobinson,  Active  Member  of  the  Club. 

Bead  April  7th,  1888. 

Mr.  President  and  Fellow  Members  of  the  Club  : — Allow 
me  to  call  your  attention  for  a  few  moments  to  a  subject  that  is 
more  or  less  familiar  to  all  of  you,  and  yet  may  have  some  points 
sufficiently  interesting  at  this  time  to  not  bore  you  with  its 
mention. 
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The  subject  of  power  transmission  by  the  cable  is  by  no  means 
a  new  one,  but  of  late  years  it  has  taken  a  new  and  decidedly 
vigorous  hold  upon  city  railway  owners  in  many  of  the  princi- 
pal cities  in  all  civilized  countries;  and  to-day  we  find  one  or 
more  roads  where  it  is  used  as  a  medium  of  transmission  in 
almost  every  large  city.  Capital  seems  ready  and  willing  to 
adopt  this  mode  of  propulsion  in  preference  to  many  others,  as 
it  promises,  when  it  is  once  properly  constructed,  to  be  both 
economical  in  its  maintenance  and  durable. 

Many  thousands  of  dollars  have  been  spent  by  the  pioneers  in 
this  mode  of  transmission  of  power  (or  traction,  as  it  is  im- 
properly called)  in  overcoming  the  faulty  construction  of  the 
earlier  devices  used  in  its  application  to  car  propulsion  upon  our 
streets. 

We  are  all  familiar  with  the  innumerable  delays  passengers 
upon  the  roads  in  this  city  were  subjected  to  in  its  early  use ; 
when  one  was  anxious  to  reach  a  desired  destination  it  frequently 
became  necessary  to  finish  the  journey  on  foot.  Those  delays 
and  stoppages  are  rapidly  becoming  less  frequent  and  of  shorter 
duration,  as  the  old  appliances  are  being  replaced  and  defects  in 
construction  rectified,  which  the  able  management  of  our  home 
companies  are  so  successfully  accomplishing.  To  them  must  be 
accorded  due  credit  for  making  a  success  of  what  promised  at 
first  to  be  disaster  and  defeat. 

The  propulsion  of  cars  tlirough  the  streets  of  our  cities  on  the 
surface  roads,  by  the  use  of  the  cable,  will  no  doubt  be  continued 
until  some  better  mode  shall  be  developed. 

It  does  not  furnish  that  rapid  transit  so  desirable  in  cities  like 
Philadelphia,  but  all  things  considered  it  is  a  decided  improve- 
ment over  the  old  horse  cars,  and  until  something  better  is  pro- 
posed and  adopted,  we  must  be  content  with  its  performances. 
It  is  likely  for  a  while  at  least  to  be  the  favorite  medium,  and 
could,  under  proper  conditions,  be  made  to  furnish  reasonably 
rapid  transit. 

Much  has  been  accomplished  within  a  very  few  years  to  make 
rope  hauling  on  our  streets  a  profitable  and  successful  fact,  yet 
much  remains  to  be  done.  Many  changes  will  yet  be  made 
before  the  application  can  be  relied  upon  with  "a  reasonable 
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degree  of  certainty  to  the  stockholders  and  satisfaction  to  their 
patrons. 

I  am  not  here  to-night  to  attempt  to  detract  one  particle  of  credit 
from  the  engineers  who  have  labored  in  this  field  in  its  early  days 
and  battled  with  the  inexperience  of  the  necessary  appliances 
without  precedent.  They  have  accomplished  all  that  could  reason- 
ably have  been  expected  from  men  laboring  in  a  new  and  untried 
field. 

I  desire  to  lay  before  you  some  thoughts  and  observations  that 
entered  into  my  own  experience  and  practice  in  the  use  of  rope 
as  a  medium  of  transmission. 

In  1857  I  was  appointed  by  the  Delaware  &  Hudson  Canal 
Company  to  superintend  the  mechanical  construction  of  their 
inclined  planes  machinery  at  Carbondale.  This  consists  of  eight 
inclined  planes,  operated  by  eight  pairs  of  engines,  and  eight 
pairs  of  drums,  10  feet  diameter  and  10  feet  face,  over  which  an 
endless  rope  is  operated  in  grooves  cut  spirally  upon  the  periph- 
ery, which  causes  the  rope  to  move  across  the  face  of  the  drum 
in  its  ascent  or  descent  on  the  plane.  These  planes  are  so  situ- 
ated that  the  loaded  cars  are  drawn  up  each  successive  plane 
until  they  reach  the  summit  of  the  mountain,  when  they  are 
made  to  run  by  gravity  down  the  opposite  side  to  Honesdale, 
a  distance  of  16  miles,  where  the  coal  is  there  put  into  boats. 
The  empty  cars  are  returned  in  the  same  manner  after  being 
unloaded ;  they  are  raised  to  a  convenient  height  at  Honesdale, 
and  start  on  their  return  trip;  they  travel  by  gravity  for  a 
distance  of  four  miles,  reach  plane  No.  2,  and  are  again  raised 
to  a  height  that  carries  them  to  plane  No.  3,  which  is  the  last 
lift  on  the  return  trip ;  they  travel  by  gravity  about  20  miles 
back  to  the  mines  at  Carbondale. 

Here,  then,  I  had  my  first  experience  with  rope  hauling.  I 
became  deeply  interested  in  its  performances;  and  have  been 
watching  its  actions  with  increasing  interest  whenever  any  new 
features  are  presented  or  occasion  requires  any  thought  to  be 
given  it. 

I  have  here  a  drawing  or  print  of  the  plan  in  general  use  on 
all  rope  roads  in  this  and  other  countries,  with  various  modifica- 
tions to  suit  tlie  views  of  the  different  engineers  engaged  in  their 
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construction.  They  all  employ  the  solid  drum  and  idler,  or 
intermediate  drum,  as  shown  upon  this  print.  The  rope  takes 
2, 3, 4, 5  or  6  turns  around  each  drum  in  grooves  turned  on  their 
periphery,  which  gives  it  the  necessary  adhesion  to  do  the 
work.  From  the  drum  it  passes  arbund  a  one-grooved  sheave^ 
supported  upon  a  tension  car  to  take  up  all  slack  and  keep  it  in 
proper  condition  to  at  all  times  respond  to  calls  made  upon  it  by 
the  cars  when  attached. 

This  mode  of  application  is  practically  the  same  used  by  all 
roads  in  operation  to-day,  and  while  it  seems  to  answer  tolerably 
well  in  its  general  arrangements  and  convenience,  it  is  not  with- 
out some  serious  defects,  and  is  the  direct  cause  of  many  break- 
ages from  the  fact  that  it  is  utterly  impossible  to  keep  the  grooves 
alike  in  diameter  for  any  great  length  of  time.  The  diflTerential 
principle  so  plainly  apparent  in  all  cases  where  two  or  more  turns 
are  made  to  pass  around  drums  located  as  for  driving  rope  in 
these  cases  before  us  is  terribly  augmented  after  the  first  few 
hours'  run,  and  continues  a  suicidal  strife,  if  not  corrected,  until 
one  or  the  other  must  give  way;  either  the  rope  will  part,  the 
drum  will  break,  or  the  shaft  be  twisted  off.  No  one  need  for  a 
moment  doubt  the  terrible  strife  at  work  on  drums  arranged  in 
this  way ;  it  is  but  necessary  to  watch  them  while  in  motion  to  be 
fully  convinced  of  the  suicidal  battle  going  on ;  and  if  it  be  not 
corrected  it  will  most  surely  cause  disaster. 

Many  attempts  have  been  made  to  correct  this  evil,  many  de- 
vices have  been  tried ;  but  none  appear  to  answer  as  well  as  to 
set  up  a  slide  rest  and  restore  all  of  the  grooves  to  the  same 
diameter. 

The  Brooklyn  Bridge  is  a  prominent  case  in  point  Its  machin- 
ery was  originally  constructed  on  this  plan ;  it  has  the  two  solid 
drums,  with  a  large  spur-wheel  on  each  drum  shaft,  and  a  pinion 
between  them  which  is  upon  the  engine  shaft  Several  serious 
breaks  have  occurred,  new  drums  have  been  put  in  at  two 
different  times,  and  no  doubt  other  mishaps  have  occurred  of 
which  we  know  nothing.  There  are  some  changes  being  made  to 
the  machinery  at  this  time,  but  I  do  not  know  the  nature  of  them. 

It  matters  not  how  correctly  a  pair  of  drums  may  be  turned 
originally,  or  how  accurately  all  work  may  be  set  up,  the  cable 
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will  assert  its  right  to  slip  over  the  surface  when  one  turn  around 
the  drum  gets  more  strain  than  another,  which  is  due  to  several 
causes,  of  which  more  will  be  said  hereafter. 

I  will  here  say  that  all  endless  ropes  traveling  over  a  route 
of  considerable  length  do  not  only  move  in  their  longitudinal 
course,  but  they  also  have  a  rotary  motion  upon  their  own  axis 
as  well,  more  or  less  accelerated  according  to  circumstances  sur- 
rounding them.  Those  used  in  car  propulsion  are  necessarily 
very  long  and  pass  through  their  route  on  supporting  pulleys  at 
convenient  distances  apart,  and  around  all  curves  on  a  number 
of  small  pulleys  placed  at  suitable  distances  apart  to  form  the 
curve.  This  then  becomes  one  important  factor  in  imparting  a 
rotary  motion  to  the  cable. 

The  twist  of  the  rope  itself  with  the  necessary  tension  upon 
it  tends  to  give  it  an  unrest  and  inclination  to  turn,  and  often 
causes  it  to  move  in  that  direction ;  but  now  a  grip  comes  slip- 
ping along,  adding  to  the  number  of  turns,  by  reason  of  the 
twist  of  the  rope  and  not  being  held  rigidly  in  its  grasp ;  passing 
a  curve  deposits  the  accumulation  on  the  other  side,  and  is  ready 
to  repeat  the  operation  every  time  it  grasps  and  lets  go  the  cable. 
When  the  driving  station  is  reached,  whatever  number  of  revo- 
lutions may  have  accumulated  on  the  route  of  the  rope,  from  the 
time  it  left  the  station  until  it  returns  to  it  again,  are  from 
necessity  taken  in  over  the  drum,  and  must  necessarily  make  a 
disturbance  among  the  laps  upon  it  from  the  fact  of  being 
shorter  by  reason  of  the  twist  carried  with  it  when  it  touches  the 
first  groove  in  the  driving  drum.  These  laps  are  thrown  into 
confusion,  so  to  speak,  but  strive  hard  to  equalize  themselves,  and 
the  consequence  is  a  continual  fight  upon  the  periphery  of  the 
drum,  and  both  drum  and  rope  must  suffer  the  consequence. 
This  strife  upon  the  periphery  of  the  drums  is  easily  discernible; 
a  man  need  not  be  an  expert  in  the  matter  and  fully  acquainted 
with  the  actions  of  the  machinery  in  use.  All  that  will  be 
necessary  to  convince  any  one  of  it  will  be  to  observe  the  actions 
of  the  different  laps  as  they  pass  the  space  between  the  drums ; 
some  will  show  a  decided  looseness,  while  others  will  be  as 
tight  and  rigid  as  though  they  were  a  solid  bar  of  iron  without 
motion ;  it  will  not  always  be  the  same  strand  of  rope  that  will 
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show  the  greatest  looseness,  but  as  the  strains  upon  the  strands 
are  equalized,  the  tension  changes  from  one  to  the  other  alter- 
nately. 

Again,  this  equalizing  operation  can  be  distinctly  heard  when 
the  strand  takes  its  new  position  upon  the  drum ;  a  continual 
clicking  noise,  and  a  dull  sound  of  a  heavy  weight  adjusting 
itself  from  an  uneasy  position,  is  plainly  observable  and  will  often 
arrest  the  attention  of  a  passer-by,  who  may  have  no  knowledge 
whatever  of  the  cause. 

I  have  here  another  representation  of  a  pair  of  drums,  or  more 
properly  speaking  a  solid  drum,  and  an  intermediate  one  com- 
posed of  parts  or  sheaves  representing  the  same  number  of 
grooves  as  are  contained  in  the  driving  drum,  but  so  constructed 
that  each  strand  of  the  rope  is  free  to  carry  the  sheave  over 
which  it  passes  at  whatever  speed  may  be  required  independently 
of  its  neighbor.  They  are  all  upon  the  same  shaft ;  one  only 
being  keyed  fast  to  it,  in  order  to  carry  it  around  at  the  speed  of 
the  driving  drum. 

This,  then,  reduces  the  wear  and  tear  of  all  the  sheaves  upon 
the  shaft  to  a  very  small  amount,  as  it  is  plainly  observable  that 
the  diflFerence  in  their  relative  motion  will  at  times  be  scarcely 
perceptible,  but  they  are  free  to  move  if  the  strain  upon  any  one 
strand  of  the  rope  requires  a  change  of  position  upon  the  shaft. 

I  do  not  claim  to  entirely  overcome  the  slipping  propensity  of 
the  rope  over  the  drum,  but  it  is  brought  to  a  minimum,  and  the 
very  important  result  is  gained  of  having  equal  tension  upon 
every  strand  around  the  drum,  thereby  removing  much  of  the 
strife  and  prolonging  the  life  of  the  cable. 

This  drawing  fully  represents  the  nature  of  the  construction, 
and  can  with  but  few  changes  be  made  to  take  the  place  of  any 
intermediate  now  in  use  on  any  rope  road  of  which  I  have  any 
knowledge. 

They  are  all  suffering  from  the  same  cause,  but  having  applied 
the  old  solid  drums  are  slow  to  see  any  merit  in  anything  diflFer- 
ent ;  and  as  they  are  willing  to  foot  the  bills  for  new  rope  and 
broken  machinery y  I  cannot  see  that  it  is  any  of  our  business. 


^ 
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THE  EFFECTS  OF  GASES,  ETC..  FROM  STACKS  UPON  IRON. 

By  C.  A.  Preston,  Active  Member  of  the  Club. 
Bead  AprU  7th,  1888. 

To-day  I  send  some  samples  of  bridge  iron  that  have  been 
affected  by  gases,  etc.,  proceeding  from  stacks  of  locomotive 
engines.  The  iron  is  from  Charles  Street  Bridge,  which  was 
over  Northern  Central  Railway  tracks  at  Union  Station,  Balti- 
more. The  bridge  was  a  Pratt  Truss,  of  one  span,  erected  in  1870, 
and  replaced  this  month  by  a  J  thro,  plate  girder  of  three  spans. 
The  bridge  was  at  the  head  of  Union  Freight  Yard,  and  trains 
were  being  constantly  shifted  under  north  end  of  bridge;  few 
trains  passed  under  the  south  end.  Floor  level  is  18  feet  9J  inches 
above  top  of  rail.  Actual  clearance  is  17  feet  3f  inches  above  top 
of  rail.  Top  of  locomotive  stack  above  top  of  rail  is  15  feet. 
Account  was  kept  of  engines  passing  under  north  end  of  bridge, 
where  greatest  depreciation  of  iron  is  shown,  and  the  average  is 
not  less  than  700  each  twenty-four  hours. 

The  gases,  etc.,  from  the  stacks  are  under  pressure;  lowest  point 
of  bridge  was  only  2  feet  3f  inches  from  top  of  stack. 

Samples*  marked  A  and  A  ^  are  pieces  of  lower  chord,  A  being 
taken  from  south  end  of  bridge,  and  is  nearly  the  original  sec- 
tion ;  A  ^  being  from  north  end  of  bridge.  Depreciation  about 
42  per  cent. 

£  is  a  bolt  which  connected  wooden  floor  beams  and  iron  I 
beams.  The  part  that  passed  through  the  wood  is  about  f  inch 
in  diameter,  the  part  between  the  I  beams  and  exposed,  about 
I  inch  diameter.     Depreciation  about  87  per  cent. 

Samples  marked  C  and  C^  are  parts  of  lateral  rods.  These 
rods  were  originally  J  inch  diameter.  C  was  taken  from  south 
end  of  bridge  and  is  nearly  the  original  section.  C^  about 
I  inch  in  diameter  was  taken  from  north  end.  Depreciation 
about  90  per  cent. 

I  am  unable  to  suggest  any  practical  method  of  overcoming 
the  effect  of  these  gases. 

*  Samples  may  be  seen  at  Club  House. 
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NOTES  ON  TWO  EXPERIMENTS  WITH  CEMENT  MORTAR. 

By  Herbert  Bamber,  Active  Member  of  the  Club; 

Bead  AprU  7th,  1888. 

The  mortar  for  the  first  experiment  was  composed  of  equal 
quantities  of  Rosendale  cement  and  good  sharp  sand.  Imme- 
diately after  tempering  a  set  of  briquettes  was  moulded.  The 
remaining  mortar  was  then  worked  over  sufficiently  often  to  pre- 
vent any  decided  indications  of  the  commencement  of  settings 
water  being  added  to  compensate  for  that  lost  by  evaporation^ 
and  briquettes  moulded  in  sets  at  increasing  intervals  for  a  period 
of  about  forty-two  days. 

These  briquettes  were  left  in  the  air  and  tested  when  sixty  days 
of  age.  The  upper  of  the  two  curves  was  plotted  from  the  tensile 
stresses  at  which  these  briquettes  broke,  and  it  shows  that  the 
maximum  strength  of  the  mortar  was  obtained  by  keeping  it  in 
a  plastic  condition  for  about  seventy-two  hours  before  allowing  it 
to  set. 

The  mortar  for  the  second  experiment  was  also  composed  of 
equal  parts  of  Rosendale  cement  and  sand.  After  the  first  set 
of  briquettes  was  moulded,  it  was  allowed  to  set  so  that  it  would 
bear  the  usual  test  of  a  weight  of  four  ounces  on  a  wire  one- 
twelfth  of  an  inch  in  diameter,  then  it  was  retempered  and  an- 
other set  of  briquettes  moulded.  This  operation  was  repeated 
twenty-one  times,  the  repetitions  extending  over  a  period  of 
about  forty-nine  days. 

These  briquettes  were  also  left  in  the  air  and  tested  when  sixty 
days  of  age.  The  lower  of  the  two  curves  was  plotted  from  the 
results  of  these  tests,  and  it  shows  that  the  strongest  briquettes 
were  those  moulded  from  the  mortar  after  it  had  both  set  and 
been  retempered  three  times. 
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NOTES  ON  THE  PHYSICAL  PHENOMENA  OF  LAKE 

HARBORS. 

Contributed  to  the  Proceedings  of  the  Engineers'  Club  of  Philadelphia  by  Mb. 

Geo.  Y.  Wisneb,  Member  of  the  American  Society  of  Civil  Engineers, 

formerly  Assistant  Engineer  United  States  Lake  Survey. 

Bead  April  1th,  1888. 

A  STUDY  of  the  physical  features  of  sea-coast  harbors  reveals 
certain  typical  forms  of  channels  and  bars,  which  depend  for  their 
uniformity  upon  the  action  of  the  tides  and  currents  flowing  un- 
der similar  conditions.*  On  the  lakes  where  no  appreciable  tides 
exist,  it  has  been  assumed  by  many  of  the  engineers  who  have 
had  charge  of  the  various  works  of  harbor  improvements,  that 
the  movement  of  drift  and  the  formation  of  bars  were  entirely 
dependent  on  wind-wave  action,  and  that  the  laws  governing  such 
formation  had  no  analogy  to  those  existing  on  a  tidal  coast.  A 
comparison  of  the  entrances  of  lake  harbors  with  those  on  the 
sea  coast  shows  such  striking  resemblances  in  contour  lines  and 
shape  of  bars,  that  the  inference  at  once  arises  that  the  same  gen- 
eral laws  of  nature  exist  in  each  case. 

On  certain  portions  of  the  lake  coasts  the  rivers,  instead  of 
being  normal  to  the  shore,  flow  for  considerable  distances 
parallel  to  the  coast  and  then  empty  into  the  lake  through  chan- 
nels of  the  same  general  direction;  while  on  other  portions  of  the 
same  lake  coast,  and  under  the  action  of  similar  prevailing 
winds,  the  tendency  of  the  streams  is  to  empty  into  lakes 
through  channels  bending  in  the  opposite  direction. 

The  improvement  of  mouths  of  rivers  for  harbor  purposes  has 
usually  been  accomplished  by  building  parallel  piers  from  deep 
water  in  the  river  to  deep  water  in  the  lake.  The  result  of  these 
works  on  the  lake  action  has  been  to  form  an  accumulation  of 
drift  on  one  side  of  the  piers,  and  a  movement  of  the  crest  of  the 
bar  into  deeper  water.  On  any  given  coast  it  may  easily  be  pre- 
dicted on  which  side  of  a  pier  drift  will  accumulate. 

*  See  "  Physical  Phenomena  of  Harbor  Entrances,"  by  Lewis  M.  Hanpt,  C.E. 
Proceedings,  American  Philosophical  Society,  Phila.,  1888. 
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Strong  littoral  currents  also  exist  along  the  shores,  varying  in 
directions  and  intensity  according  to  locality  and  conformation  of 
coast  line.  Near  the  head  of  Lake  Michigan,  for  instance,  these 
currents  are  southerly  along  each  shore.  About  midway  of  the 
coast,  on  either  side  of  the  lake,  they  are  found  flowing  some- 
times in  one  direction,  and  then  again  in  the  opposite,  while 
farther  down  the  coast  the  currents  are  almost  continuously 
northerly.  The  flexure  of  mouths  of  rivers  and  shape  of  bars 
conform  in  every  instance  to  that  which  might  be  expected  under 
the  action  of  natural  forces  tending  to  produce  such  currents. 

Lake  harbors,  consisting  of  small  bays  with  outlying  islands 
and  gravel  bars  have  the  same  general  characteristics  as  those 
on  the  Atlantic  coast.  The  spits  and  bars  forming  the  lake  side 
of  the  harbors  usually  have  elongated  points,  curving  inwards  on 
one  side  of  the  entrance,  and  a  well-rounded  point  on  the  op- 
posite side.  Gradual  erosion  goes  on  continuously  along  the 
blunt  point,  while  the  sharp  point  follows,  leaving  the  natural 
cross-section  of  the  channel  in  the  gorge  the  same  from  year  to 
year. 

These  natural  characteristics  are  well  illustrated  at  the  Harbor 
of  Grand  Marais,  Lake  Superior,  where  the  forces  of  nature,  if 
properly  assisted,  would  make  one  of  the  grandest  harbors  on 
the  whole  chain  of  lakes,  but  which,  under  the  plans  adopted 
(estimated  to  cost  $500,000),  will  at  best  prove  but  a  doubtful 
experiment.    See  Plate  1. 

Major  Robert,  in  a  report  to  the  Chief  of  Engineers,  January, 
1881,  in  speaking  of  the  changes  that  had  occurred  at  the  above 
harbor  since  the  previous  survey  made  in  1867,  says :  "  The 
only  thing  learned  by  investigating  these  changes  that  affect 
the  construction  of  the  piers  at  the  proposed  site,  is  that  there  is 
a  large  amount  of  shore  drift,  which  will  in  the  future  require 
the  piers  to  be  extended^  as  has  been  found  necessary  at  nearly  all  the 
harbors  on  Lake  Michigan  J^    .     .     . 

"To  facilitate  entering  the  channel, it  is  proposed  to  extend  the 
piers  to  a  depth  4  feet  greater  than  that  of  the  channel.  As  the 
shore  drift  is  very  large,  there  will  not  be  24  feet  of  water  at  the 
end  of  the  piers  when  they  are  finished  as  proposed.  If  com- 
pleted in  ten  years,  however,  it  is  believed  that  there  will  be  over 
20  feet  of  water  at  the  head  of  the  piers  where  there  is  now  24  feet." 
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Mr.  L.  Y.  Shermerhorn,  in  a  report,  Jan.,  1881,  says  in  regard 
to  the  above  harbor :  "  A  comparison  of  the  west  spit  as  it  now 
exists,  with  its  position  as  determined  by  the  lake  survey  of  1867, 
shows  that  the  east  end  of  the  spit  has  advanced  into  the  bay  400 
feet,  and  placing  the  end  of  the  spit  now  where  in  1867  there  was 
a  depth  of  water  of  55  feet.  This  advance  of  the  west  spit  since 
1867  has  been  accomplished  by  the  deposition  of  about  500,000 
cubic  yards  of  material,  and  seems  to  be  a  measure  of  the  larger 
amount  of  shore  drift  at  this  point.  .  .  .  The  advance  of  the  west 
spit  has  been  accompanied  with  the  retrocession  of  the  east  spit 
for  a  distance  of  300  feet.  Borings  indicate  that  the  lake  bed  north 
of  the  west  spit  is  composed  of  sand,  gravel  and  coarse  drift, 
superimposed  on  a  bed  of  clay." 

The  drift  formation  in  front  of  this  harbor  indicates  that  at 
some  early  date  it  was  simply  an  indentation  of  the  coast  line, 
and  that  the  accumulation  of  drift  has  closed  the  opening, 
until  the  forces  of  nature  tending  to  maintain  an  open  channel 
from  the  harbor  to  the  lake  are  in  equilibrium  with  those  tending 
to  close  it. 

As  no  great  amount  of  water  flows  into  this  harbor  from  its 
natural  drainage  area,  the  question  arises,  why  has  not  this  im- 
mense amount  of  drift,  in  connection  with  wave  action,  closed 
this  entrance  years  ago. 

In  1883  a  single  storm  completely  closed  a  12-foot  channel 
dredged  through  the  spit  between  the  piers  (see  Plate  1),  and  still 
the  natural  entrance  has  retained  approximately  the  same  cross- 
section  that  it  had  60  years  ago  when  Bayfield  made  his  survey. 
Were  no  other  forces  acting  at  this  point  than  those  due  to  wave 
action,  this  entrance  would  be  completely  closed  in  a  single 
season. 

As  is  well  known,  the  area  of  the  great  lakes  lie  in  a  region  sub- 
ject to  very  sudden  and  great  barometrical  disturbances.  These 
barometric  inequalities  of  pressure  on  the  lake  surface  set  in  mo- 
tion series  of  oscillations  varying  from  6  inches  to  2  feet  in  ampli- 
tude, and  with  intervals  of  20  minutes  to  1 J  hours  between  crests 
depending  on  locality  of  disturbing  force  and  the  conformation 
of  the  coast  line.*    In  extreme  cases  waves  of  this  character  have 

*  See  "Observations  on  the  Oscillations  of  Lake  Michigan,"  by  Rudolph  Hering, 
primed  in  Vol.  VI,  Xo.  2,  Proceedings  of  Engineers'  Club  of  Phila.,  March,  1887. 
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been  observed  on  Lake  Superior,  with  crests  5  feet  above  the  gen- 
eral level  of  the  lake  surface. 

From  observations  of  these  oscillations,  extending  through  a 
period  of  over  twenty  years,  I  have  found  that  the  average  oscilla- 
tions in  many  places  is  not  far  from  one  foot.  At  Grand  Marais 
Harbor  (Plate  1),  it  is  often  as  much  as  18  inches,  with  intervals 
of  about  one  hour  between  crests  of  waves.  The  oscillations  at 
the  above  place  approach  the  shore  from  the  northwest,  produc- 
ing a  strong  littoral  current  to  the  eastward,  and  a  constant  ebb 
s.nd  flow  between  lake  and  harbor  of  suflBcient  force  to  maintain  a 
6-foot  channel  over  the  bar  against  the  immense  wave  action, 
tending  to  completely  close  the  channel. 

At  Chequamegon  Point,  near  Ashland,  Wis.,  the  elBFect  of  these 
forces  is  very  clearly  illustrated  by  the  changes  that  have  oc- 
curred there  during  the  past  thirty-five  years.  This  point,  in 
1852,  was  a  narrow  sand  spit  from  400  feet  to  1,000  feet  wide,  and 
about  seven  miles  long,  extending  partially  across  the  mouth  of 
Chequamegon  Bay.  It  is  so  situated  that  the  oscillations  from 
the  lake  can  only  approach  the  shore  obliquely  from  the  north- 
west. From  1852  to  1869  a  continual  erosion  took  place  along 
the  entire  length  of  the  point.  In  1869  the  point  near  the  shore 
^nd  was  only  about  300  feet  wide,  and  was  covered  with  timber. 
Some  time,  about  1872,  a  breach  occurred  near  the  shore  end  of 
the  point,  and  soon  afterwards  widened  to  nearly  a  half  mile  in 
width.  Since  the  opening  of  the  breach  no  erosion  has  taken 
place  to  the  northwest,  along  narrow  portion  of  point.  A  heavy 
current  flows  back  and  forth  through  the  cut,  alternating  about 
once  every  hour — the  flow  towards  the  bay  being  the  stronger, 
owing  to  the  ebb  flow  from  the  bay  escaping  much  more  readily 
through  the  deep  water  channel  at  the  end  of  the  point.  The 
action  of  the  current  through  the  breach  has  deadened  the  lit- 
toral current  to  the  northwest  of  the  cut.  The  point  at  the  north 
side  of  cut  is  being  gradually  eroded,  and  as  it  recedes  it  is  fol- 
lowed by  the  sand-point  from  the  main  shore.    (See  Plate  2.) 

The  cure  for  this  trouble  proposed  by  a  recent  Engineer  Board 
is  to  permanently  close  the  breach  with  a  pile  dike.  This  recom- 
mendation needs  no  comment. 

The  above  are  fair  examples  of  the  physical  phenomena  to  be 
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found  at  most  of  the  lake  harbor  entrances.  That  these  oscillations 
exist,  as  has  been  stated,  no  one  familiar  with  the  lakes  will  deny. 
That  their  effect  is  different  from  that  of  tidal  action  is  difficult 
to  conceive. 


XLII. 


ON  THE  MANUFACTURE  OF  EYE  BARS  FOR  PIN-CONNECTED 

STRUCTURES. 

By  William  Sellers,  Active  Member  of  the  Club. 
Bead  AprU  2l8<,  1888. 

I  SUBMIT  herewith  some  specimens  of  steel  eye  bars  made  by 
the  Edge  Moor  Iron  Company,  that  have  been  pulled  to  destruc- 
tion to  show  the  capacity  of  the  heads  to  withstand  a  strain  that 
will  break  the  bar. 

Wrought  iron  eye  bars  have  long  been  used,  their  greatest  im- 
portance in  bridge  building  dating  from  the  introduction  of  the 
wrought  iron  pin-connected  truss  in  bridge  structures.  The  pro- 
duction of  these  wrought  iron  bars  has  been  modified  from  time 
to  time  to  overcome  the  defects  which  their  more  extended  use 
developed.  At  first,  the  eye  was  formed  of  a  separate  piece  from 
the  bar  and  then  welded  to  it,  next  the  end  of  the  bar  was  piled 
with  additional  material,  the  mass  welded  together  and  shaped  in 
a  die,  and  next  the  end  of  the  bar  was  upset  to  provide  the  material 
for  the  eye,  the  upset  mass  welded  together  and  shaped  in  a  die- 
All  of  these  different  modes  of  manufacture  are  in  use  at  this  day, 
and  by  all  of  them  an  eye  can  be  produced  that  will  be  strong 
enough  to  break  the  bar.  It  may  be  asked,  therefore,  what  ad- 
vantage, aside  from  the  cost  of  production,  has  one  method  over 
another. 

In  all  of  these  different  processes  there  is  an  element  of  work- 
manship which  involves  a  personal  liability  to  error.  The  skilled 
workman  with  great  care  can  produce  a  perfect  eye  bar  by  the 
first  process,  but  a  failure  of  his  heat  or  an  imperfect  condition  of 
his  welding  surfaces  may  produce  a  defect,  invisible  to  the  eye, 
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but  which  yet  may  cause  the  bar  to  fail  at  a  strain  far  below  that 
which  it  is  calculated  to  sustain ;  by  the  second  process  this  liabil- 
ity from  personal  error  is  diminished,  and  in  the  third  it  is  least 
of  all,  so  that  engineers  with  great  unanimity  discredit  the  first 
process  and  give  a  preference  to  the  last  over  either  of  the  other 
two. 

To  avail  ourselves  of  the  theoretical  advantages  of  this  last 
method,  certain  conditions  must  be  observed  which  have  involved 
years  of  labor  and  experiment  to  attain,  although,  at  first,  the  prob- 
lem seems  to  be  simple  enough.  We  have  been  accustomed  to 
upset  bars  of  iron  from  time  immemorial,  but  heretofore  such  up- 
sets have  been  small  in  proportion  to  the  size  of  the  bar.  We  are 
now  called  upon  to  make  an  upset  very  large  as  compared  with 
the  bar,  and  as  the  final  operation  is  to  shape  the  eye  in  a  die  of 
the  proper  form,  that  being  an  element  in  both  of  the  earlier 
methods,  it  is  necessary  that  the  bar  should  be  thickened  as  well 
as  spread.  In  the  earlier  attempts  to  solve  this  problem,  the  bar 
was  placed  between  two  dies  having  a  distance  apart  equal  to  the 
desired  thickness  of  the  upset,  and  in  this  position  it  was  subjected 
to  end  pressure,  so  as  to  thicken  and  spread  it  at  one  operation, 
and  many  thousands  of  eye  bars  were  thus  formed,  but  this  was 
before  the  days  when  such  bars  were  pulled  to  destruction  to  de- 
termine their  actual  value.  As  soon  as  it  became  customary  to 
subject  such  bars  to  destructive  tests  it  was  found  that  all  such 
bars  failed  in  the  eye,  because  the  bar,  when  softened  by  heat  and 
subjected  to  end  strain,  would  fold  in  the  die;  that  is,  it  would 
first  yield  in  the  direction  of  least  resistance  and  bend  until  this 
first  bend  was  limited  by  the  face  of  the  dies,  and  as  the  upsetting 
proceeded  a  second  bend  would  occur  in  the  opposite  direction,  so 
that  if  the  upsetting  was  arrested  at  this  point,  and  the  bar  was 
taken  from  the  dies,  it  would  present  a  sinuous  appearance,  with- 
out being  thickened  or  spread ;  if,  however,  the  upsetting  is  con- 
tinued, these  sinuous  folds  are  pressed  together  at  the  close  of  the 
operation,  and  the  bar  will  also  be  thickened  and  spread  ready  for 
the  final  operation  of  flattening  and  spreading  the  eye  to  the  re- 
quired form  in  the  finishing  die,  but  when  finished  the  two  fold- 
ings, although  invisible  to  the  eye  in  the  finished  product,  still 
exist,  and  at  one  or  the  other  the  eye  will  break  before  the  bar  is 
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strained  near  to  its  breaking  point.  To  avoid  this  folding  the  next 
step  was  to  divide  the  operation  of  thickening  and  spreading  so 
as  to  thicken  first  and  spread  afterwards,  and  this  was  entirely 
successful  so  far  as  iron  bars  were  concerned  ;  to  accomplish  this 
thickening  the  bar  was  held  upon  its  edges  between  two  V-shaped 
dies,  which  would  prevent  it  from  bending  in  any  direction  or 
from  spreading,  but  would  permit  it  to  thicken  under  the  upset- 
ting pressure ;  this  thickened  upset  was  then  reheated  and  spread 
between  dies  at  a  second  upsetting  operation,  and  it  was  again  re- 
heated and  flattened  in  another  machine  at  the  final  operation, 
thus  requiring  one  heating  and  two  reheatings  for  each  eye,  but 
reducing  to  a  minimum  the  personal  liability  to  error  in  the  work- 
manship. During  a  large  portion  of  the  time  required  to  work 
out  this  solution  of  the  problem,  how  to  make  iron  eye  bars,  the 
value  of  steel  for  the  same  purpose  weis  being  slowly  recognized ; 
but  when  it  was  attempted  to  apply  the  system  which  had  been 
successfully  worked  out  for  iron  to  the  new  metal  very  serious 
difficulties  were  at  once  encountered,  and  it  was  soon  discovered 
that  the  method  by  which  the  personal  liability  to  error  had  been 
eliminated  in  the  manufacture  of  iron  bars  was  the  very  one  by 
which  they  were  introduced  in  the  manufacture  of  such  bars  in 
steel. 

This  was  due  entirely  to  the  diffferent  conditions  under  which 
the  two  metals  required  to  be  worked ;  and  as  habit  holds  almost 
the  first  place  in  our  mental  as  well  as  in  our  physical  operations, 
the  problem  was  complicated  by  the  difficulty  of  educating  men 
to  new  habits,  that  is,  to  treat  the  same  metal  in  a  very  different 
manner  in  one  physical  condition  from  that  they  had  been  accus- 
tomed to  do  in  another. 

The  final  treatment  in  the  manufacture  of  all  iron  eye  bars  is  a 
flattening  and  spreading  operation,  which  requires  that  the  metal 
shall  flow  with  facility.  This  treatment  was  given  with  great 
success  at  a  welding  heat  within  a  die,  from  which  the  surplus 
metal  would  flow  under  the  powerful  pressure  to  which  it  was 
subjected ;  but  with  steel  bars  it  is  essential  that  the  final  work 
shall  be  given  at  a  low  red  heat,  and  to  effect  the  best  results  the 
amount  of  this  work  must  be  such  as  to  produce,  at  the  very  least, 
a  measurable  disturbance  of  the  whole  mass  treated.    It  was  found 
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to  be  impossible,  with  this  raetal  at  the  proper  temperature,  to 
effect  the  necessary  reduction  in  thickness  by  subjecting  the  whole 
surface  of  the  eye  to  pressure  in  a  die ;  and  pressures  upon  smaller 
areas  within  a  die  also  failed,  because  the  plunger  which  trans- 
mitted them  could  not  be  maintained,  that  is  to  say,  its  end  surfaces 
were  distorted  and  the  plunger  itself  was  upset,  quite  as  easily  as 
the  metal  in  the  eye  could  he  made  to  flow  at  the  low  temperature 
desired  when  it  was  confined  in  a  die.  It  became  necessary,  there- 
fore, to  reheat  the  upset  portion,  to  flatten  it  in  a  die,  and  fre- 
quently several  reheatings  were  necessary.  These  reheatings  so- 
near  the  end  of  the  process  must  be  under  the  control  of  workmen 
often  ignorant  of  and  generally  unappreciative  of  the  danger 
which  may  result  from  finishing  at  too  high  a  heat,  and  defects 
from  this  cause  afford  no  evidence  which  the  engineer  can  detect 
without  testing  to  destruction,  so  that  the  modifications  of  the 
latest  process,  which  the  new  metal  rendered  necessary,  introduced 
a  personal  liability  of  error,  quite  as  great  as  any  theretofore  ex- 
isting. To  meet  these  new  conditions  the  use  of  flattening  dies  for 
the  final  operation  was  incompatible,  as  they  required  the  metal 
to  be  at  a  high  temperature,  whereas  the  steel  required  that  the 
final  operations  should  be  performed  at  a  low  temperature.  It  be- 
came desirable,  therefore,  to  spread  the  bar  to  the  required  dimen- 
sions and  shape  without  increasing  the  thickness,  more  than 
would  be  due  to  the  spring  of  the  dies  under  the  great  pressure 
to  which  they  would  be  subjected  in  the  upsetting  operation. 
This  thinner  upset  required  not  only  a  greater  length  of  the  un- 
supported bar  to  be  upset,  but  it  also  required  a  greater  pressure 
upon  the  bar,  and  this  developed  a  difficulty  not  encountered  in 
the  double  upsetting  practiced  in  the  manufacture  of  iron  bars. 
The  long  flat  bar  between  flat  dies  which  supported  it  laterally  had 
no  support  from  these  dies  edgeways,  so  that  under  this  increased 
upsetting  pressure  it  was  liable  to  bend  in  this  direction,  which, 
of  course,  would  prevent  it  from  offering  resistance  sufficient  to- 
cause  it  to  spread.  The  problem  then  was,  to  prevent  this  lateral 
bending  between  dies,  which  must  also  afford  the  necessary  room 
for  spreading ;  and  this  was  solved,  finally,  by  providing  a  small 
central  groove  in  the  face  of  one  of  the  flat  dies,  in  the  line  of  the^ 
movement  of  the  upsetting  plunger,  into  which  groove  a  portion. 
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of  the  flat  bar  was  forced  by  placing  on  top  of  the  heated  bar  a 

plate  with  a  projection  upon  it  corresponding  to  the  groove  in  the 

die,  then  closing  the  dies  upon  the  bar  and  plate,  thus  forcing  a 

portion  of  the  bar  into  the  groove  in  the  die.    The  dies  were  then 

opened,  the  plate  removed  and  the  dies  again  closed,  but  this  time  '^ 

upon  the  bar  only,  and  the  upset  was  made  at  the  same  heat. 

After  the  completion  of  this  upset  it  will  be  found  that  the  bar 

has  a  rib  on  one  side  of  it,  which  is  to  be  taken  oflF  in  the  final 

flattening  operation. 

We  have  seen  that  with  steel  at  the  low  temperature  desired  for 
finishing,  flattening  dies  are  impracticable,  and  such  dies  had 
theretofore  given  the  required  shape  to  the  eye.  It  was  neces- 
sary, therefore,  to  give  the  shape  in  the  upsetting  operation; 
this  is  accomplished  by  cheek  pieces  having  the  desired  shape  for 
the  eye  next  the  bar,  which  cheek  pieces  are  supported  laterally 
between  the  dies  so  that  they  could  not  spread ;  the  end  of  the  up- 
setting plunger  is  also  shaped  to  conform  to  the  outer  portion  of  "^ 
the  eye ;  the  surplus  metal,  if  any,  flows  out  laterally  between  the 
ends  of  the  cheek  pieces  and  the  end  of  the  shaped  upsetting 
plunger,  and  this  surplus  metal  is  trimmed  off* at  the  same  time  that 
the  hole  for  the  eye  is  punched.  After  the  upsetting  operation  is 
complete  the  bar  is  passed  to  a  punch,  which  trims  ofi^  any  surplus 
metal  at  the  centre  of  the  eye  and  punches  the  hole  for  the  pin, 
leaving  an  ample  allowance  for  subsequent  boring.  The  bar  is 
now  ready  for  the  final  operation  of  flattening,  that  is,  of  bringing 
it  to  the  required  thickness  and  finish.  This  is  accomplished  by 
passing  it  between  chilled  iron  rolls,  and  as  these  operate  upon 
lines,  the  metal,  even  at  the  low  heat  desired,  is  not  able  to  resist 
the  powerful  pressure  which  they  produce  upon  such  very  limited 
areas,  but  is  reduced  to  the  required  thickness  by  two  passes,  in  -< 
which  it  acquires  a  finish  and  an  exactitude  of  thickness  not  here- 
tofore attainable.  This  mode  of  finishing  has  the  effect  of  elon- 
gating the  eye  without  spreading  it,  so  that  the  upset  must  be  made 
shorter  to  compensate  for  this  subsequent  elongation;  also  the 
thickening  by  upsetting  must  not  be  excessive,  otherwise  the 
elongation  from  rolling  would  be  excessive,  and  it  would  thus  be 
difficult  to  approximate  the  desired  shape. 

To  eliminate  personal  errors  due  to  workmanship  it  is  necessary  ^ 
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to  produce  the  eye  at  one  heat,  for  if  this  is  accomplished,  even  if 
the  bar  is  too  highly  heated  when  it  goes  to  the  upsetter,  it  will  be 
practically  impossible  to  finish  the  eye  at  too  high  a  heat  unless 
the  bar  is  very  thick.  To  accomplish  this  finishing  of  the 
eye  at  one  heat,  the  pumping  capacity  which  produces  the 
pressure  upon  the  upsetting  plunger  must  be  great  enough  to 
effect  the  upsetting  operation  in  such  short  time  that  the  eye  will 
retain  enough  heat  for  the  final  rolling  operation.  This  has  been 
so  successfully  attained  that  a  bar  must  be  uncommonly  propor- 
tioned, or  perhaps  I  should  say,  disproportioned,  to  require  more 
than  one  heat,  so  that  steel  bars  can  now  be  produced  with  even 
greater  certainty  than  was  ever  accomplished  with  iron  bars.  In 
the  manufacture  of  all  eye  bars  it  is  the  end  of  the  bar  alone  that 
is  heated ;  the  greater  mass  of  the  bar  is  cold  even  when  the  end 
is  at  a  welding  heat.  This  condition  of  the  bar  has  no  effect  upon 
iron  bars,  but  is  of  material  consequence  in  steel,  for  the  steel  bar 
at  this  stage  of  manufacture,  if  pulled  to  destruction,  will  almost 
certainly  break  at  the  point  where  the  h.eated  end  merges  into  the 
cold  part  of  the  bar,  so  that  after  the  forging  operation  is  com- 
pleted the  steel  bar  must  be  annealed,  which  is  not  required  for 
the  iron  bar.  The  annealing  operation  consists  in  bringing  the 
whole  mass  of  the  bar  to  a  uniform  bright  red  heat  and  then  allow- 
ing it  to  cool  off  slowly  and  uniformly,  to  which  end  it  must  be 
covered  while  cooling,  so  that  currents  of  air  cannot  strike  it,  as 
such  currents  might  cause  it  to  cool  irregularly.  It  is  found  that 
when  steel  eye  bars  are  manufactured  as  described,  the  surplus  of 
metal  in  the  eye  over  that  in  the  bar,  to  make  the  eye  stronger 
than  the  bar,  is  much  less  than  has  been  heretofore  required  for 
iron,  so  that  the  eye  for  a  steel  bar  may  be  materially  less  than  for 
an  iron  bar,  and  the  difference  between  the  sizes  of  the  dies  may 
be  greater ;  that  is  to  say,  a  greater  variety  of  size  of  pins  may  be 
used  for  each  die.  The  various  sizes  of  dies  required  have  been 
tabulated,  and  I  submit  herewith  some  blue  print  copies  of  this 
table  as  a  matter  of  interest  to  those  members  who  are  interested 
in  bridge  building.  You  will  observe  that  the  surplus  metal  for 
each  size  of  eye,  when  the  largest  pin  for  that  size  is  used,  ranges 
from  25  to  33  per  cent.,  while  the  practice  for  iron  bars  required 
at  least  50  per  cent,  of  surplus. 
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Notes. 

Edge  Moor  Standard  Eye  Bars  are  hydraulic  forged,  without  the  addition  of  ex- 
traneous metal,  and  without  buckles  or  welds,  and  are  guaranteed  under  the  condi- 
tions given  in  the  above  table  to  develop  value  of  the  bar  when  tested  to  destruction. 

The  heads  on  Standard  Eye  Bars  are  finished  of  the  same  thickness,  "  B/'  as  the 
body  of  the  bar. 

Eye  Bars  with  heads  varying  from  the  Standard,  either  in  thickness  or  diameter, 
will  be  supplied  at  an  additional  cost. 

The  increased  thickness  of  the  head  over  that  of  the  body  of  the  bar  is  limited  to 
one-eighth  of  an  inch. 

We  contract  only  for  finished  Eye  Bars,  that  is,  with  the  eyes  bored  at  the  distances 
apart  from  centre  to  centre  as  required,  and  of  right  diameter  to  fit  the  size  of  the  pin 
to  be  used. 

The  above  relates  to  Steel  Eye  Bars. 

Unless  otherwise  specified,  Steel  of  the  following  quality  will  be  used:  Ultimate 
-strength,  60,000  to  68,000  pounds  per  square  inch ;  elastic  limit,  not  less  than  one- 
half  the  tensile  strength ;  elongation,  from  17  to  20  per  cent,  the  elongation  to  be 
measured  after  breaking  on  an  original  length  of  ten  times  the  shortest  dimensions- 
of  the  test  piece. 

Reduction  of  area,  34  to  40  per  cent. 
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Remarks. 


advance.  It  is  consequently  easy  to  provide  in  time  for  the  ad- 
ditional requirements.  The  water  supply  may  be  increased  accord- 
ingly; additional  sewers  may  be  constructed;  some  more  streets 
may  be  paved,  etc. — this  can  all  be  done  before  the  inhabitants  are 
suffering  from  want  of  accommodation.  But  in  most  of  the  cases 
the  growth  of  the  population  is  not  watched  as  it  ought  to  be,  and 
the  necessary  improvements  are  not  thought  of  until  after  the 
people  have  been  suffering  for  a  longtime  from  the  results  of  this 
carelessness. 

When  a  dozen  theatres  have  been  burned  and  thousands  of 
persons  have  lost  their  lives,  then  municipal  authorities  begin  to 
make  laws  regulating  the  construction  and  the  management  of 
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PUBLIC  HEALTH  OF  CITIES  AND  TOWNS. 

By  Arthur  Marichal,  Active  Member  of  the  Club. 

Bead  June  2d,  1888. 

The  improvements  contributing  to  the  welfare  of  cities  and 
towns  and  to  the  accommodation  of  their  inhabitants  are  un- 
doubtedly the  most  useful  ones  which  may  be  suggested.  Un- 
fortunately municipal  authorities  do  not  always  realize  this  fact; 
they  do  not  pay  to  such  matters  the  attention  it  really  deserves, 
and  do  their  own  way  without  reference  to  public  sentiment. 
On  the  other  hand,  the  public  itself  does  not  always  contribute 
as  it  ought  to  in  helping  the  authorities  to  carry  out  the  necessary 
improvements,  and  in  many  instances  the  inhabitants  cannot 
blame  but  themselves  if  their  city  is  not  in  a  better  condition.  I 
will  confine  my  paper  to  the  improvements  relating  to  public 
health.  They  command  necessarily  the  attention  of  every  one; 
they  contribute  more  than  anything  else  to  the  welfare  of  a  city. 
A  healthy  place  is  invariably  a  centre  of  attraction,  and  its  popu- 
lation is  growing  rapidly.  But  it  is  evident  that  needs  increase 
as  the  population  increases,  and  that  it  is  consequently  necessary 
to  watch  carefully  the  growth  of  the  population  to  be  able  to  pre- 
pare adequate  accommodation  for  the  annual  increment. 

The  probable  percentage  of  increase  of  a  population  can  always 
be  determined  with  sufficient  accuracy  for  at  least  ten  years  in 
advance.  It  is  consequently  easy  to  provide  in  time  for  the  ad- 
ditional requirements.  The  water  supply  maybe  increased  accord- 
ingly; additional  sewers  may  be  constructed;  some  more  streets 
may  be  paved,  etc. — this  can  all  be  done  before  the  inhabitants  are 
suffering  from  want  of  accommodation.  But  in  most  of  the  cases 
the  growth  of  the  population  is  not  watched  as  it  ought  to  be,  and 
the  necessary  improvements  are  not  thought  of  until  after  the 
people  have  been  suffering  for  a  long  time  from  the  results  of  this 
carelessness. 

When  a  dozen  theatres  have  been  burned  and  thousands  of 
persons  have  lost  their  lives,  then  municipal  authorities  begin  to 
make  laws  regulating  the  construction  and  the  management  of 
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theatres!  When  hundreds  of  passenger  trains  have  been  thrown 
in  the  valleys  on  account  of  defective  trestle  work,  then  railroad 
companies  begin  to  make  inspection  of  their  lines  I  When  an 
epidemic  has  been  ravaging  a  city,  then  the  officials  begin  to  talk 
about  sanitary  precautions !  In  other  words,  the  remedy  is  always 
given  when  the  patient  is  almost  dead. 

It  may  be  said  that  such  improvenaents,  in  accordance  with  the 
increase  of  population,  are  not  always  possible  on  account  of  lack 
of  money.  This  could  be  the  truth,  but  in  most  of  the  cases  it  is 
not,  and  the  best  proof  is  that  such  cities,  claiming  that  they  have 
no  money  for  sanitary  improvements,  are  throwing  away  millions 
of  dollars  in  construction  of  luxury,  intended  to  please  the  eye 
alone,  although  very  often  they  do  not  please  after  all  either  the 
eye  or  the  pocket-book  of  the  taxpayer. 

Water  Supply. — An  abundant  supply  of  pure  water  is  certainly 
a  factor  of  the  greatest  importance  in  the  sanitary  condition  of  a 
city.  The  fact  that  water  is  no  less  essential  to  human  life  than 
air  and  food  commands  that  its  quality  and  quantity  be  at  all 
times  adequate  to  the  requirements.  The  quantity  of  water  to 
be  distributed  to  a  city  could  never  be  too  large;  it  is  limited  only 
by  financial  considerations.  A  minimum  admissible  number  of 
gallons  per  capita  could  hardly  be  determined ;  but  it  may  be 
useful  to  give  some  idea  about  the  average  amount  of  water  re- 
quired for  different  purposes  under  normal  conditions: 

Per  capita  per  24  hours. 

For  drinking  and  cooking,    ....  1.50  gallon. 
"    cleaning  clothes  and  habitations,  .        .  5.50      " 

"    toilet, 12.00      " 

"    water  closet,  sinks,  etc.,  ....  8.00      " 


27.00  gallons, 
making  a  total  of  27  gallons  required  per  capita  per  twenty-four 
hours,  if  perfect  cleanliness  is  to  be  secured.  As  a  matter  of  fact, 
many  persons  are  using  but  half  this  amount,  and  many  cities  do 
not  distribute  more  than  20  to  25  gallons  per  capita.  It  is  almost 
unnecessary  to  say  that  the  cleanliness  of  such  cities  must  be  very 
doubtful.  It  may  be  well  to  state  that  a  horse  drinks  10  gallons 
of  water  per  day,  and  that  it  requires  50  gallons  of  water  to  keep 
horse  and  carriage. 
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Whatever  care  may  be  taken,  water  will  never  be  perfectly  pure; 
it  will  always  contain  some  matter  either  in  suspension  or  in  solu- 
tion, and  although  perfectly  wholesome  in  appearance,  it  may  be 
the  cause  of  a  slow  poisoning  of  the  people.  Numerous  statistics 
have  been  made  proving  that  in  cities  having  defective  water 
works  the  death  rate  was  relatively  high,  and  as  soon  as  the  water 
was  improved  in  quality,  either  by  filtering  or  by  a  new  source  of 
supply,  the  death  rate  decreased  considerably.  As  the  popu- 
lation increases  the  sources  of  pollution  of  the  water  supply  in- 
crease accordingly.  Proper  legislation  should  protect  the  rivers 
and  reservoirs  forming  part  of  the  system  of  water  supply,  in 
order  to  prevent  sewage  contamination.  A  water  polluted  by 
sewage  is  nothing  else  but  a  vehicle  for  carrying  the  germs  of  all 
diseases.  But  legislation  alone  is  not  suflBcient;  the  sewage  must 
be  directed  in  some  suitable  way,  hence  the  necessity  of  building 
adequate  sewers.  When  these  sewers  are  constructed,  then  the 
laws  may  be  enforced  and  will  prove  efficient. 

In  many  cities  the  water  works  are  supplied  neither  with  filters 
nor  subsiding  reservoirs,  and  after  a  heavy  rain  the  water  dis- 
tributed to  the  people  contains  clay  powder  in  more  or  less 
perceptible  quantities. 

It  is  often  said  that  the  presence  of  clay  powder  does  not  affect 
the  quality  of  the  water;  but  it  is  a  mistake.  Clay  powder  is 
decidedly  injurious,  and  especially  to  children,  causing  inflamma- 
tion of  the  bowels  and  other  troubles,  which  remain  generally 
unknown,  although  thousands  of  people  are  affected  without 
knowing  the  exact  cause  of  their  sufferings. 

Among  the  injurious  mineral  matters  in  solution  in  water, 
the  salts  of  lime  and  the  salts  of  magnesia,  when  in  too  large 
quantity,  may  be  credited  for  many  of  the  gastric  diseases. 
Organic  matter,  either  in  suspension  or  in  solution,  may  be  the 
cause  of  various  diseases,  like  malarial  fever,  typhoid  fever,  dys- 
entery, and  even  cancerous  and  scrofulous  diseases. 

These  examples  will  be  sufficient  to  prove  that  water  should 
never  be  used  before  having  been  purified.  I  do  not  intend  to 
describe  all  the  methods  used  heretofore  in  purifying  water;  I  will 
only  state  that  in  my  opinion  the  most  effective  process  is  the  one 
in  which  the  water  is  filtered  through  clay.   This  process  is  supe- 
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rior  to  all  the  others  on  account  of  the  chemical  properties  of 
clay  for  the  removal  of  the  organic  and  inorganic  matters,  inde- 
pendently of  the  mechanical  properties  for  the  removal  of  matter 
in  suspension.  It  has  been  proved  that  sewage  filtered  through 
clay  became  entirely  inoffensive.  While  the  filtering  of  water  in 
small  quantities  is  one  of  the  simplest  operation,  the  same  is 
attended  with  great  difficulties  when  it  becomes  necessary  to  filter 
large  quantities  like  the  whole  supply  of  a  city,  and  we  should 
not  be  too  hasty  in  blaming  the  administration  of  large  cities  if 
they  have  not  yet  erected  a  filter  plant.  But  the  erection  of  sub- 
siding reservoirs  is  nothing  but  a  question  of  money,  and  the 
neglect  of  building  such  reservoirs  is  unpardonable.  Moreover, 
they  should  be  built  in  time  and  not,  as  it  is  generally  the  case, 
after  the  people  have  been  complaining  for  years  of  being  supplied 
with  muddy  water.  In  many  instances  the  inertia  of  the  admin- 
istration cannot  be  overcome  by  public  sentiment,  and  this  should 
not  be  a  reason  why  people  should  poison  themselves  by  drink- 
ing water  not  properly  purified.  If  every  property  owner  would 
consider  a  filter  a  no  less  essential  part  of  a  dwelling  than  a  bath 
or  a  water  closet,  a  supply  of  pure  water  would  be  enjoyed  by  the 
poor  as  well  as  by  the  rich,  and  that  without  appreciable  cost  to 
anyone. 

Drainage. — The  next  thing  to  be  considered  in  relation  to 
the  public  health  of  cities  and  towns  is  the  drainage.  The 
removal  of  all  filth  as  speedily  as  possible,  and  its  disposal  in 
such  a  way  as  not  to  be  injurious  to  mankind,  such  is  the 
problem  to  be  solved  in  every  city. 

A  system  of  drainage  equally  well  adapted  to  every  city  would 
be  very  difficult  to  devise,  local  considerations  making  com- 
pulsory the  adoption  of  different  systems.  But  all  of  them 
should  satisfy  certain  conditions,  which  I  shall  endeavor  to 
point  out. 

The  system  of  sewers  should  be  such  as  not  to  allow  any 
filthv  matter  to  remain  in  it  more  than  twelve  hours.  To 
obtain  these  results  the  sewers  should  have  sufficient  slopes  and 
should  be  flushed  every  day.  The  flushing  may  be  attended  to 
by  the  police,  consequently  without  any  extra  cost  for  labor,  and 
that  by  simply  opening  the  fire  plugs.     This  method  has  the 
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treble  advantage  of  cleansing  the  gutters  and  the  inlets  in  the 
streets,  and  also  of  accelerating  the  flow  in  the  sewers.  Insuf- 
ficient slopes  and  neglect  of  flushing  have  been  the  cause  of  the 
outbreak  of  cholera  in  many  European  cities. 

I  think  it  is  useful  to  state  that,  no  matter  how  perfect  may  be 
the  flushing,  some  deposit  will  soon  cover  the  bottoms  of  sewers, 
and  that  it  will  be  a  necessity  to  clean  them  regularly.  Con- 
sequently the  sewers  should  be  large  enough  to  allow  a  man  to 
circulate  in  them ;  their  minimum  height  should  be  three  feet. 
It  has  been  said  that  two  separate  systems  of  sewers  should  be 
constructed,  one  for  the  surface  water  and  one  for  the  filthy  mat- 
ter, that  the  sewers  carrying  the  surface  water  could  discharge 
nearer  to  the  city.  I  cannot  agree  with  these  views.  Surface 
water  is  always  contaminated  by  organic  matter  from  the 
streets,  and  after  a  couple  of  days  putrefaction  begins  and 
deleterious  gases  are  given  off.  Moreover,  the  double  system  is, 
in  most  of  the  cases,  just  as  expensive  after  all.  The  single 
system,  if  properly  constructed,  will  generally  prove  efficient,  the 
rain  and  the  flushing  will  accelerate  the  flow,  thus  contributing 
to  the  speedy  removal  of  all  filthy  matter. 

The  ventilation  of  sewers  is  a  question  of  the  greatest  impor- 
tance, although,  strange  to  say,  very  few  cities  have  their  sewers 
ventilated  in  some  reasonable  manner.  The  sewer  gases,  if  not 
allowed  to  escape  freely,  become  compressed  by  the  rising  water, 
and  find  their  way  either  to  the  cellars  of  adjacent  buildings  or 
to  the  streets,  through  the  manholes.  The  manholes  should  be 
made  air-tight  as  much  as  possible.  Ventilation  pipes  should  be 
placed  at  the  upper  part  of  the  sewer,  should  extend  under  the 
pavement  to  the  house  line,  and  from  there  carried  above  the 
roof  of  the  buildings.  These  pipes  should  not  be  of  large 
diameter,  but  should  be  numerous.  It  is  almost  needless  to  say 
that  the  part  of  the  pipe  attached  to  the  front  of  the  building 
could  be  made  as  ornamental  as  the  property  owner  may  desire. 

Legislation  should  prohibit  the  maintenance  of  cesspools  when 
there  is  a  sewer  in  the  street,  as  they  are  one  of  the  greatest 
nuisances.  It  is  well  known  to  everyone  that  the  germs  of 
cholera  are  exclusively  transmitted  through  the  fecal  matters. 
In  a  city  where  such  matters  are  speedily  removed  the  spreading 
of  cholera  is  impossible. 
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Cholera  is  essentially  an  exotic  disease.  Although  generated 
on  another  soil,  the  germs  may  be  imported  accidentally.  As 
we  do  not  know  how  to  cure  the  disease,  our  duty  consists  in 
limiting  its  ravages,  and  this  would  be  an  impossibility  in  a  city 
where  cesspools  are  allowed.  When  the  circumstances  require 
the  construction  of  a  cesspool,  it  should  be  made  perfectly  water- 
tight, and  the  gases  should  not  be  allowed  to  escape,  except 
through  a  pipe  extending  a  few  feet  above  the  roof  of  the 
building. 

In  many  cities  the  cesspools  are  not  water-tight,  and  are 
located  within  a  few  feet  from  the  dwellings.  I  have  had 
occasion  to  convince  myself  of  the  fact  that  most  of  the  cellars 
are  converted  in  a  reservoir  of  deleterious  gases. 

Not  long  ago,  in  one  of  the  most  populated  parts  of  a  city, 
some  buildings  were  demolished  and  the  ground  excavated  for 
new  foundations.  The  excavated  material  was  so  strongly  im- 
pregnated with  fecal  matter  that  it  was  impossible  to  approacli 
the  carts  within  ten  feet;  and  this  pestilence  was  vehicled  in  the 
middle  of  the  day  through  the  main  streets  of  the  city. 

These  examples  will  be  sufficient  to  prove  that  the  erection 
and  maintenance  of  cesspools  should  be  strictly  prohibited,  and 
that  sewers  should  be  built  in  every  populated  street  of  a  city. 

Inlets  for  the  collection  of  surface  water  should  not  be  more 
than  four  hundred  feet  apart  when  the  streets  are  about  level. 
They  should  be  made  of  cast  iron  and  provided  with  a  trap.  In- 
lets made  out  of  bricks  should  never  be  constructed,  on  account 
of  the  porosity  of  brick  work;  in  summer  time  they  become  a 
regular  nuisance. 

Paving. — The  paving  of  a  city  is  too  often  considered  as 
merely  a  matter  of  luxury,  while  on  the  contrary  it  contributes 
highly  to  the  sanitary  condition  of  the  place. 

If  the  paving  is  defective  the  rain  water  cannot  be  carried 
promptly  to  the  inlets.  As  I  have  already  said,  this  water  is  always 
contaminated  by  organic  matter  from  the  streets,  and,  if  allowed 
to  remain  until  it  evaporates,  putrefaction  begins  and  deleterious 
gases  are  given  oflF.  I  have  had  occasion  to  see  streets  recently 
paved  with  Belgian  blocks,  where  the  blocks  were  placed  across 
the  whole  width  of  the  street,  from  curb  to  curb,  in  a  perpen- 
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dicular  direction  to  the  curb  stone ;  in  other  words,  no  gutters  at 
all  are  provided,  and  most  of  the  surface  water  does  not  disap- 
pear until  complete  evaporation. 

Suitable  gutters  with  sufficient  slopes  should  be  the  very  first 
thing  to  be  thought  of  when  paving  a  street.  Belgian  blocks 
placed  lengthwise  with  a  slope  of  at  least  0.5  per  cent,  will  make 
an  effective  gutter.  A  city  should  have  a*  gang  of  paviors  attend- 
ing to  the  necessary  repairs  from  the  beginning  to  the  end  of 
the  year. 

Street  Cleaning. — I  think  it  is  unnecessary  to  go  into  details 
about  the  necessity  of  cleaning  the  streets  and  removing  all 
refuse  with  regularity.  I  will  only  call  attention  to  the  fact  that 
these  operations  should  be  done  during  the  night,  for  instance, 
between  midnight  and  five  o'clock  in  the  morning,  especially  in 
populated  districts.  It  is  not  a  matter  of  convenience,  but  it  is  a 
matter  of  sanitary  precaution.  I  do  not  believe  that  anyone 
would  claim  that  it  is  safe  to  inhale  all  the  dust  accompanying 
the  cleaning  of  the  streets.  It  is  just  as  easy  to  do  it  at  night, 
and  there  is  no  reason  why  it  should  not  be  done.  It  may  be 
said  that  the  cleaning  at  night  would  cause  some  noise  and  dis- 
turb the  inhabitants  in  their  sleep.  I  will  answer  that  this  would 
be  the  case  only  during  the  first  days;  but  after  a  short  time 
they  would  become  used  to  it,  just  as  well  as  persons  living  near  a 
railroad  become  used  to  the  noise  produced  by  the  passing  trains, 
and  after  a  while  they  do  not  hear  anything  any  more. 

In  almost  every  city  of  the  world  the  cleaning  of  the  streets  is 
done  in  a  most  singular  manner ;  it  seems  that  this  operation  is 
intended  to  suit  exclusively  a  certain  class  of  people,  instead  of 
being  accomplished  with  no  other  consideration  than  the  ques- 
tion of  public  health.  While  the  main  streets  are  always  cleaned 
with  a  certain  regularity,  the  narrow  streets  and  alleys,  which 
are  in  the  filthiest  condition,  are  seldom,  if  ever,  visited  by  a 
street  cleaner.  It  seems  that  city  officials  think  that  their  duty 
is  to  protect  the  rich  and  kill  the  poor. 

Street  Cars. — While  I  am  talking  about  streets,  it  may  be 
well  to  say  a  few  words  about  the  so-called  rapid  transit  facilities 
of  certain  cities,  and  in  doing  so  I  do  not  intend  to  diverge  from 
the  subject  of  public  health.    There  are,  perhaps,  few  causes  con- 
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tributing  more  to  the  increase  of  the  death  rate  than  the  deliber- 
ate overcrowding  of  street  cars.  In  some  cities  the  people  are 
packed  in  the  cars  not  like  human  beings,  but  like  cattle,  and 
simply  because  the  companies  do  not  want  to  put  more  cars  on 
their  lines. 

It  is  well  known  that  phthisis  and  lung  diseases  generally  may 
have  their  origin  in  breathing  an  atmosphere  contaminated  by 
respiration,  even  on  the  supposition  that  all  the  persons  in  the 
car  are  in  ordinary  health.  But  it  may  be  suspected  that  in  a 
crowd  like  we  often  see  on  the  street  cars,  some  one  may  be 
affected  with  some  disease  which  although  not  contagious,  liter- 
ally speaking,  may  be  transmitted  by  respiration  of  the  vitiated 
atmosphere.  Municipal  authorities  should  limit  the  number  of 
passengers  to  be  admitted  in  each  car,  and  the  conductor  as  well 
as  the  police  should  see  that  the  law  be  enforced. 

I  could  not  conclude  without  saying  a  few  words  about  the 
defective  construction  of  dwellings.  Houses  for  the  poor  are 
generally  packed  in  crowded  streets,  and  built  for  the  purpose  of 
sheltering  as  many  people  as  possible,  and  that  at  the  sacrifice  of 
ventilation,  lighting,  drainage,  etc.  It  can  hardly  be  said  that 
there  is  any  dwelling  for  the  poor  within  the  limits  of  a  city. 
These  so-called  dwellings  are  generally  located  in  narrow  streets, 
they  have  small  windows — if  such  they  may  be  called — the 
rooms  have  often  but  10  square  yards  of  area,  and  the  ceilings 
are  sometimes  but  6  to  7  feet  high. 

The  time  has  certainly  come  for  the  municipal  authorities  to 
think  about  the  poor,  and  to  remember  that  although  poor  they 
remain  human  beings  just  as  well  as  they  are.  Property  owners 
would  certainly  pile  one  hundred  dwellings,  one  on  top  of  the 
other,  to  make  more  money  without  buying  more  ground. 
Proper  legislation  should  prevent  such  disgrace  to  humanity. 
The  minimum  height  of  stories  should  be  limited  by  law,  as  well 
as  the  minimun  size  of  windows  and  doors.  The  total  height  of 
a  house  should  be  also  limited,  taking  into  consideration  the  width 
of  the  street.  These  laws  should  not  only  exist — they  should  also 
be  enforced. 

I  would  suggest  that  the  height  of  a  building  should  never  ex- 
ceed the  width  of  the  street,  and  that  each  story  should  be  at 
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least  9  feet  high  in  the  clear.  In  any  room  where  persons  have 
to  spend  several  hours,  like  a  sleeping  room  or  an  office,  at  least 
1000  cubic  feet  of  space  per  capita  should  be  provided.  Each 
room  should  have  20  square  feet  of  light  per  1000  cubic  feet  of 
space,  and  no  door  should  be  less  than  6.5  feet  high  and  3  feet  wide. 
I  would  like  to  go  into  many  more  details  on  this  subject  of 
public  health,  but  I  think  I  would  trespass  the  limits  of  a  paper 
of  this  character.  I  do  not  expect  that  my  voice  will  awake  the 
authorities  of  any  city,  but  I  hope  that  some  other  engineers  will 
follow  my  example  and  raise  their  voices  against  these  in- 
credible neglects  of  the  most  elementary  principles  of  Hygiene. 


There  was  some  discussion  by  Messrs.  J.  W.  Redway,  Edward 
IIuRST  Brown  and  Howard  Murphy.  Mr.  Redway  approved 
the  idea  of  opening  the  fire  plugs  daily,  as  it  would  also  remove 
the  silt  collecting  in  the  water  pipes. 


XLIV. 


GREAT  TRANSPORTATION  AREAS  OF  THE  UNITED  STATES. 

By  Pbof.  L.  M.  Haupt,  Active  Member  of  the  Club. 

Bead  June  2d,  1883. 

All  general  questions  relating  to  transportation  must  of  neces- 
sity involve,  amongst  other  things,  the  elements  relating  to  the 
distribution  of  population,  the  location  of  the  lines  of  least  resist- 
ance, the  character  of  the  traffic,  the  distance  to  the  market  or 
market-range  and  the  total  cost  of  movement. 

The  latter  item  may  be  taken  as  the  measure  of  most  of  the 
others.  It  is  composed  of  a  large  number  of  variables,  which  for 
practical  purposes  have  been  reduced  to  a  rate  per  unit  of  dis- 
tance and  of  weight,  whether  by  water  or  by  rail. 

A  comparison  of  these  units  becomes  therefore  of  great  impor- 
tance, as  a  basis  for  determining  the  limits  of  territory  tributary 
to  any  particular  route.  Such  a  comparison  was  recently  pre- 
pared,* showing  the 

*  For  a  lecture  delivered  before  the  Manufacturers'  Club  of  Philadelphia,  entitled 
"The  Commercial  Paradox."— April,  1888. 
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Relative  Rates  on  Grain  in  Bulk   from  Chicago 

TO  Liverpool. 


Rate  per  Ton  per  Mile 

IN  MiLTA 

Relative 
Rates. 

Relative 
Distances. 

Relative 

Tbibutart 

Areas. 

Relative 
Benefits. 

By  Railroad  ....  5.08 

"   Canal 8.04 

"   Lake  or  River     .  1.57 
*'   Lake  and  Canal  .  2.00 
"  Ocean 0.77 

6.6 

4. 

2. 

2.6 

1. 

3 

5 

10 

20 

9 

25 

100 

400 

1 

2.8 
11.1 

44.4 

From  this  table  it  would  appear  that,  other  things  being  equal, 
At  canal  rates  the  area  benefited  would  be  2.8  times  that  at  rail 
rates ;  at  lake  or  river  rates  it  would  be  11  times,  and  at  ocean 
rates  44  times  greater,  thus  showing  the  superiority  of  movement 
in  bulk  with  a  minimum  of  fixed  expense  and  low  percentage  of 
terminal  charges. 

It  also  exhibits  clearly  the  fact  that  the  cost  of  movement  by 
water,  whether  in  contracted  natural  or  artificial  channels,  or 
upon  the  broad  ocean,  is  much  less  than  that  by  rail.  Thus  the 
overland  rate  is  1.6  times  that  by  canal,  3.3  times  that  by  river 
or  lake  and  6.6  that  by  ocean.  There  can  be  no  doubt,  therefore, 
that  where  it  does  not  involve  too  many  handlings  or  delays,  it 
is  desirable  to  ship  when  practicable  by  the  ocean  route. 

Under  the  above  conditions,  the  waterway  must  be  regarded 
as  the  natural  channel  and  the  railroad  as  the  feeder ;  but  since 
the  first  must  be  used  in  its  natural  bed,  the  second  has  the  great 
advantage  of  shortness  and  speed,  combined  with  the  ability  to 
overcome  greater  physical  obstructions.  The  main  function  of 
the  railway  is  then  to  connect  centres  of  population  with  one 
another  and  with  the  waterways.  These  two  means  form  but 
parts  of  a  harmonious  system  which  are  interdependent. 

As  in  railways,  the  measure  of  the  capacity  of  a  line  is  that  of 
its  point  of  greatest  resistance,  so  in  waterways  the  same  principle 
obtains,' and  the  traffic  of  a  through  line  is  regulated  by  that 
where  the  least  draft  is  to  be  found.  Thus  for  ocean  travel  the 
tonnage  and  draft  of  the  vessel  is  generally  regulated  by  the 
depth  of  water  over  the  outer  bar  at  harbor  entrances,  where  the 
greatest  obstructions  are  to  be  found ;  in  river  navigation,  traffic 
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may  be  entirely  obstructed  by  a  serious  shoal,  the  removal  of 
which  may  open  up  many  miles  of  water  transportation ;  and  in 
-canals  the  through  traffic  will  be  determined  by  the  water  avail- 
able for  the  summit  level.  For  many  years  the  upper  lake  ton- 
nage was  restricted  by  the  St.  Clair  Flats  and  the  size  of  the  lock 
chamber  at  the  Sault  Ste.  Marie  Canal.  So  the  Five-Mile  Bar  in 
the  Delaware  is  the  practical  limit  of  deep  water  navigation. 
Were  it  removed,  24  miles  more  of  the  river,  having  nearly 
18  feet  at  low  water,  could  be  made  available. 

To  determine  the  lines  of  least  resistance,  or  of  least  cost,  for 
the  United  States,  it  will  be  necessary  to  consider  its  topographical 
features  and  form,  with  reference  to  the  most  direct  lines  to  tide 
water,  the  relative  cost  of  movement  by  rail  and  water,  and  the 
distribution  of  population. 

The  United  States  may  be  said  to  be  surrounded  by  water  with 
the  exception  of  that  portion  of  the  northern  boundary  extend- 
ing from  the  Lake  of  the  Woods  to  Vancouver's  Island,  a  distance 
-of  about  1,300  miles,  and  of  the  southern  boundary  from  El  Paso 
Del  Norte  on  the  Rio  Grande  to  the  Pacific  Ocean,  a  distance  of 
about  670  miles.  The  Pacific  coast  line  embraces  in  round  num- 
bers 1,500  miles ;  the  Rio  Grande,  which  is  not  navigable  because  of 
tlie  bar  at  its  mouth  and  its  numerous  shoals,  850 ;  the  Gulf  coast, 
1,500  miles;  the  Atlantic,  2,000,  and  the  Lakes  and  Erie  Canal 
1,500,  so  that  out  of  a  total  of  9,300  miles  about  6,500,  or  70  per 
tjentum,  are  navigable. 

It  is  not  proposed  at  this  time  to  compare  the  relative  ad- 
vantages of  the  Atlantic  and  Pacific  harbors,  but  to  call  attention 
more  particularly  to  the  facilities  afforded  by  the  northern  and 
southern  water  frontages,  so  to  speak. 

The  northern  or  Lake  system  extends  from  New  York,  via  the 
Hudson  River  and  Erie  Canal,  to  Buffalo  502  miles,  and  thence 
tibout  1,000  miles  to  the  heads  of  Lakes  Michigan  and  Superior, 
where  are  to  be  found  the  natural  centres  of  distribution  and 
trans-shipment.  The  tributary  areas  of  these  two  points  will  be 
found  by  drawing  a  perpendicular  to  the  chord  joining  them  at 
its  middle  point.  This  dividing  line,  extending  in  a  south- 
westerly direction,  will  be  found  to  pass  through  Iowa,  Nebraska, 
Kansas,  the  northwest  corner  of  the  "  Pan  Handle  "  of  Texas  and 
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New  Mexico  ;  and  hence  it  appears  that  for  the  great  grain,  min- 
ing and  cattle  industries  of  the  Northwest'  the  head  of  Lake  Su- 
perior has  the  advantage  over  that  of  Lake  Michigan  by  400  miles, 
or  less  according  to  the  latitude.  The  present  depth  of  the  Erie 
Canal  is  but  seven  feet.  Hence,  for  foreign  or  coastwise  traffic  there 
must  be  three  trans-shipments,  viz. :  at  the  port  of  clearance,  at 
Buffalo  and  at  New  York  or  Montreal.  The  ruling  depth  on  the 
Upper  St.  Lawrence  is  nine  feet.  This  northern  or  lake  route  is 
also  closed  for  about  five  months  of  the  year,  yet  the  tonnage 
through  the  Sault  Canal  to  Lake  Superior  alone,  during  the 
season  of  navigation,  is  now  at  least  equal  to  that  through  the 
Suez  Canal  during  the  entire  year.  By  this  water  route  the  terri- 
tory of  the  Lake  Basin  is  enabled  to  secure  the  benefit  of  com- 
petitive rates. 

On  the  southern  boundary  there  is  the  Gulf  of  Mexico  stretch- 
ing for  1,500  miles  from  Key  West  to  the  Rio  Grande,  into  wliich 
empties  a  system  of  rivers  extending  over  thousands  of  miles  of 
the  great  central  basin,  and  reaching  to  within  30  miles  of  the 
northern  system  at  Chicago.  Recently  the  barrier  separating  the 
rivers  from  the  Gulf  was  removed  by  the  completion  of  the  South 
Pass  jetties,  giving  30  feet  of  water  instead  of  eight.  The  Gulf 
and  the  southern  rivers  do  not  freeze  in  winter  so  as  to  prevent 
navigation,  and  the  only  serious  diflSculty  arises  from  the  bars  at 
the  outlets  of  the  rivers  and  bays  emptying  into  the  Gulf.  With 
the  exception  of  Pensacola  and  the  South  Pass  there  are  no  en- 
trances in  this  long  stretch  of  coast  line  having  over  12f  feet  of 
water  over  the  bar,  and  hence  they  are  cut  ofl"  from  all  other  ports 
from  which  deeper  draft  vessels  depart.  In  consequence,  the 
commercial  interests  of  this  coast  and  the  country  tributary 
thereto  have  been  but  little  developed,  notwithstanding  its  greater 
advantages. 

The  east  and  west  movement  of  the  higher  latitudes  has  no 
counterpart  on  the  Gulf,  yet  it  is  often  urged  that  the  natural 
outlet  for  cereals  and  articles  in  bulk  is  down  the  Mississippi  to 
the  Gulf,  and  thence  to  the  markets  of  the  world. 

Several  reasons  may  be  assigned  for  this ;  the  first  has  been 
suggested  already,  namely,  lack  of  sufficient  depth  of  water;  the 
second  is  the  time  required  to  make  the  trip.    For  whilst  the  dis- 
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tance  from  the  mouth  of  the  Ohio  to  the  Pass  along  the  axis  of 
the  river  is  about  630  miles,  the  distance  by  the  channel  is  1,130, 
or  80  per  cent,  greater,  so  that  if  the  barges  were  to  make  the 
same  velocity  as  the  freight  trains,  it  would  require  nearly 
double  the  time  to  reach  tide  water,  and  even  then  there  would 
be  but  little,  if  any,  gain  in  the  direction  of  the  ultimate  market, 
which  may  be  north  or  east. 

It  is  also  stated  that  in  passing  through  the  warmer  latitudes 
the  cereals  germinate  and  become  worthless.  Whilst  these  ob- 
jections may  apply  to  some  of  the  products  of  the  upper  country, 
they  cannot  be  made  to  include  those  of  the  Southern  States,  as 
cotton,  sugar,  tobacco,  cattle,  etc.  For  the  northwestern  section 
and  for  the  central  belt  of  country  lying  west  of  the  Mississippi, 
it  would  appear  to  be  of  great  importance  to  construct  the  con- 
necting water  link  between  the  great  lakes  and  the  Mississippi 
basin,  and  for  the  central  and  southern  sections  to  complete  the 
opening  up  of  one  or  more  deep  water  harbors  for  that  section  of 
the  country  not  tributary  to  the  Mississippi. 

To  determine  the  limit  and  extent  of  this  territory,  we  may 
take  the  relative  rates  already  cited,  and,  having  the  developed 
distance,  may  find  the  locus  of  the  points  of  equal  cost  by  rail 
direct  to  the  river  and  thence  to  the  Gulf;  or,  by  rail  direct  to 

the  Gulf.     Thus  let  A  be  such  a  point  x,  A 0 

its  distance  from  the  river,  =  {A  0)  and  d  x 

its  distance  from  the  Gulf  {A  H).    The 

rail  rate  is  3.3  times  that  by  river  and  the 

distance  (OP)  by  the  latter  channel  is  80 

per  cent,  greater  in  consequence  of  the 

meanders,  hence  0P=  1.8d.  The  equation 

of  rates  will  then  be  1.8d  +  3.3aj  =  3.3d,  or 

X  =  Jd,  which  is  the  equation  of  a  right 

line,  the  tangent  of  whose  angle  is  J. 

The  angle  is  therefore  26°  34'.  ff  ~  p 

Taking  the  91°  of  longitude  as  the  meridian  of  the  Mississippi 
Valley,  and  drawing  these  two  radii  from  its  intersection  with 
the  Gulf,  it  will  give  the  sector  of  country  which  is  theoretically 
tributary  to  the  Mississippi.     Practically  this  sector  is  modified 
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and  limited  by  intersecting  water  courses  in  other  directions^ 
which  would  change  somewhat  the  form  of  its  boundaries. 

The  northern  limit  will  be  reached  at  or  near  the  40th  parallel 
of  latitude,  from  which,  rates  only  being  considered,  it  will  cost 
the  same  via  the  lakes  or  the  river  to  tide  water.  This  transpor- 
tation "divide"  separates  the  territory  into  the  grand  divisions 
of  lake,  river  and  railroad. 

At  the  existing  relative  rates  the  areas  of  these  several  divisions 
are : — 

For  the  Mississippi  River  basin       about  300,000  square  miles.. 
That  tributary  to  the  Great  Lakes      "      500,000 
The  Atlantic  Coast,  escarpment  "      550,000 

The  Great  South  ^Western,  Gulf  slope, "    1 ,000,000 
The  Pacific  area  "      700,000 

In  all  of  these  the  railroads  play  an  important  part  and  carry 
the  volume  of  the  traffic.  Their  general  directions  should  there- 
fore converge  towards  the  principal  ports.  This  would  bring  the- 
trunk  lines  of  the  Texas  district  south,  south-east  and  east,  with 
connecting  laterals.  The  more  the  commercial  facilities  by  ocean, 
are  developed  the  greater  will  be  the  volume  of  business  brought 
to  the  railroads.  Thus  an  average  ocean  "  tramp  "  of  2,000  tons 
net  would  supply  loading  both  ways  for  about  one  hundred  cars, 
but  if  there  is  no  landing  for  the  vessel  it  cannot  bring  the 
traffic.  It  is  an  old  maxim  in  transportation  thai  facilities  beget 
traffic. 

The  area  tributary  to  the  Gulf  is  larger  than  any  other,, 
and  is  the  least  developed  because  of  its  comparative  isolation. 
It  embraces  the  larger  part  of  that  portion  of  the  federal 
domain  lying  west  of  the  river  territory,  which  is  also  de- 
pendent upon  railroads  for  the  transportation  of  its  products 
to  tide  water.  To  determine  these  subdivisions  into  northern 
and  southern  areas,  let  a  line  be  drawn  from  Superior  to  Gal- 
veston, and  bisect  this  chord  at  its  middle  point.  This  gives 
a  line  near  the  39th  parallel,  which  is  also  that  of  the  centre  of 
population.  But  as  the  northern  water  route  is  closed  five- 
twelfths  of  the  time,  requires  two  trans-shipments  in  excess  of  the- 
southern  route,  and  is  a  cross  country  instead  of  a  down  grade 
line,  the  practical  position  of  the  divide  would  be  shifted  mucb 
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farther  north,  and  may,  I  think,  reasonably  be  placed  about  the 
northern  boundary  of  Colorado.  Thus  it  will  be  seen  that^ 
although  the  air  line  distance  from  Denver  to  Superior  is  less 
than  to  the  Gulf,  there  are  other  physical  as  well  as  commercial 
considerations  which  would  make  the  latter  route  the  better  one. 

The  location  of  Denver  as  a  transportation  centre  is  strategic,, 
for  if  a  circle  be  described  about  it  with  a  radius  extending  to 
Chicago,  it  will  include  a  large  part  of  the  Mississippi  River,  touch 
the  Gulf  coast  between  Galveston  and  Aransas  Pass,  the  Pacific 
Ocean  from  Point  Conception  to  Lower.  California  and  pass 
through  the  Bay  of  San  Francisco.  The  most  accessible  water 
frontage  is  found  on  the  Gulf,  which  is  therefore  the  nearest  east- 
ern shipping  port  for  the  vast  territory  included  in  Texas,  New 
Mexico,  Arizona,  Nevada,  Utah,  Colorado  and  parts  of  Nebraska, 
Kansas,  the  Indian  Territory  and  Mexico,  and  embracing  nearly 
or  quite  1,000,000  square  miles  or  640  million  acres.  It  is  a  mag- 
nificent empire  awaiting  the  completion  of  the  government 
works  to  secure  deep  water  at  some  one  or  more  passes  on  the 
Texas  coast. 

This  being  accomplished,  there  will  be  a  rapid  development  of 
railroad  construction  in  this  section,  radiating  from  the  Gulf  to 
the  Northwest,  and  a  great  impetus  to  manufactures,  agriculture, 
irrigation  works  and  the  numerous  industries  accompanying  the 
providing  of  facilities  for  cheap  transit. 

Texas  is  the  door,  but  time  has  locked  and  barricaded  it  with 
sand,  which,  thus  far,  the  efforts  of  man  have  been  unable  to  open 
and  remove.  This  is  one  of  the  most  important  problems  of  the 
future.  So  important  has  it  become  that  the  people  of  this  section 
of  the  country  have  called  a  general  convention  to  meet  at  Fort 
Worth,  Texas,  on  the  10th  of  July  next,  to  discuss  and  consider 
the  question  of  creating  a  deep  water  harbor  at  some  point  on  the 
Gulf  coast,  west  of  the  South  Pass.  It  is  a  subject  of  great  inter- 
est to  all  departments  of  engineering,  and  hence  I  have  taken  the 
liberty  of  inviting  your  attention  to  it. 
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NOTES  AND  COMMUNICATIONS. 


THE  ANDERSON  PROCESS  OF  WATER  PURIFICATION 

ON  A  LARGE  SCAIiE. 

Bboular  Meeting,  January  22d,  1887. — Mr.  £.  S.  Hutchinson  presented  a  de- 
scription of  the  apparatus,  as  given  by -the  inventor  and  as  in  use  in  several  European 
cities.  The  water,  after  settling,  is  forced  through  a  revolving  purifier,  which  consists 
essentially  of  a  wrought-iron  cylinder,  mounted  on  hollow  trunnions,  serving  for  inlet 
and  outlet  pipes.  The  curved  ledges,  running  lengthwise  of  the  cylinder  on  the  inner 
surface,  scoop  up  and  shower  down  through  the  current  of  water  fine  borings  of  cast 
iron.  By  the  combined  motions  of  the  cylinder  and  of  the  water  current,  every 
portion  of  the  water  is  brought  into  contact  with  the  iron,  the  particles  of  which  are 
kept  constantly  bright  by  friction  against  the  sides  of  the  cylinder,  against  each  other 
and  the  water. 

He  illustrated  by  a  black-board  sketch  the  general  outline  of  the  purifier  and  its 
connections,  giving  rate  of  revolution,  velocity  of  flow  of  water,  amount  of  iron 
required,  cost  of  purification  and  of  plant,  and  other  results  of  some  years  successful 
experience  with  the  process. 

The  table  of  analyses  which  he  gave  showed  that  exceptionally  bad  and  even 
dangerous  drinking  waters  were  rendered  not  only  innocuous  but  wholesome  by  this 
method,  the  organic  impurities  being  for  the  major  part  removed,  the  hardness  reduced 
40  to  50  per  cent.,  and  a  brilliant  appearance  imparted  to  them. 


THE  INCREASED    WEIGHT  OF    LOCOMOTIl'E  ENGINES, 
AS  AFFECTING  THE  STRAINS  ON   RAILWAY  BRIDGES. 

Beoulab  Meeting,  February  5th,  1887. — Prof.  L.  M.Haupt  called  attention  to 

this  subject  and  instanced  the  following  dimensions  of  an  engine  recently  constructed 

at  the  Baldwin  Locomotive  Works. 

Service, Freight. 

Gauge, 4  ft.  8^  ins. 

Number  of  driving  wheels, 10 

Diameter  "  "        45  ins. 

Truck  wheels,  number, 2 

Driving  wheel-base, 17  ft. 

Total  wheel-base  of  locomotive, 24  ft.  4  ins. 

Wheel-base  of  tender, 14  ft.  5  ins. 

Total  wheel-base  of  locomotive  and  tender, 49  ft.  2  ins. 

Extreme  length  of  locomotive  and  tender, 63  it.  3J  ins. 

Boiler,  diameter, 68  ins. 

Tubes,  270  in  number,  2^  ins.  diam.,  13  ft.  6  ins.  long. 
Firebox,  121  -^g  ins.  long,42|  ins.  wide,  depth  60}  ins.  f,  57  ins.  b. 

Heating  surface  of  tubes, 2,148  sq.  ft. 

"  "       firebox, 162  sq.  ft. 

Total  heating  surface, 2,310  sq.  ft. 

Weight  in  working  order,  greatest  on  1  pr.  drivers,  .   .    .    27,000  lbs. 

On  all  drivers, 134,000  lbs. 

Total  weight  of  engine, 148,000  lbs. 

Weight  of  tender, 82,000  lbs. 

Weight  of  locomotive  and  tender, 230,000  lbs. 

Capacity  of  tender :  coal,  16,000  lbs. ;  water,  3,600  U.  8.  gallons. 
Live  load,  3,940  lbs.  pr.  ft. 


WM.  SELLERS  &  CO.  INCORPORATED. 

ENGINEERS  9  MACHINISTa 

MANUFACTURERS  OF 

Improved  Iron  and  Steel  Working  Machine  Tools, 

FOR  RAILWAY  AND  MAOHINE-SHOP  EQUIPMENT. 

Shafting,  Pulleys,  Couplings,  Hangers,  etc. 

Were  the  first  to  introduce  the  system  of  selling  by  the  piece,  and  to 

desi^  and  introduce  the  Ball  and  Sockf.t  Hangers, 

and  the  Adjustable  CourLiNc. 

Sole  Manufacturers  and  Patentees,  also,  of  the  celebrated  Sell«Adl|ll8tlllg^ 
lliiector  of  1870,  started,  regulated  and  stopped 

by  ONE  LEVER. 

The  Fixed  Hozzle  Automatic  Injector  of  1885  will  operate  either  as  a 

Lifter  or  a  Hon-Lifter. 

The  Pixed  Hozzle  Lifting  and  Hon-Lifting  Injectors  of  1879. 

.Main  Office  and  Works: 

PHILADELPHIA,  PENNA. 


SAMUEL  J.  CRESWELL, 

Iron  Works, 

23d  and  Cherry  Streets, 

PHILADELPHIA. 


ARCHITECTURAL   AND    ORNAMENTAL    IRON    WORK. 

STABLE  FITTINGS,  VASES,  SIDEWALK 

LIGHTS,  LAMP  POSTS. 

WROUGHT  IRON  BEAMS. 


The   Deane    Steam   Pomp   CSo., 

HOLYOKE,    MASS.  ■ 
New  York,  Boiton,  Philaoilpkia,  CHioaoo.  St.  L0>   i. 


—MANUFACTURERS  OF — 


Steam- f  Power  Pnmping  Macbinery  of  every  Variety. 


THE  DEANE  INDEPEDDEUT  CONDENSING  APPARATUS. 

Writa  for  Infonnntion  and  CBtalo^ue,  Mo.  Bl. 


